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a Section 7 


Scope 
1.1 General 
1.4.4 Materials used for the construction, conversion, modification or repair of ships, other marine structures and associated 


machinery which are classed or are intended for classification by Lloyd's Register (hereinafter referred to as LR), are to be 
manufactured, tested and inspected in accordance with these Rules. 


1.1.2 Wrought, cast and extruded materials are to comply with the requirements of Ch 7 General Requirements and Ch 2 
Testing Procedures for Metallic Materials, and the appropriate specific requirements of Ch 3 Rolled Steel Plates, Strip, Sections 
and Bars to Ch 9 Copper Alloys. Mooring and anchoring equipment is to comply with the requirements of Ch 7 General 
Requirements and Ch 2 Testing Procedures for Metallic Materials, and the appropriate specific requirements of Ch 10 Equipment 
for Mooring and Anchoring. Manufacturers of these materials must be approved by LR according to the requirements in Ch 1, 2 
Approval and survey requirements or Ch 1, 3 Certification of materials. Only those materials within a manufacturer's scope of 
approval may be used. 


1.1.3 Welding consumables are to comply with the requirements of Ch 717 Approval of Welding Consumables of these Rules. 


1.1.4 Where welding is used for the construction, conversion, modification or repair of ships, other marine structures and 
associated machinery which are classed or are intended for classification by LR, welding qualifications and tests shall be 
performed according to Ch 12 Welding Qualifications of these Rules. All welding shall be performed according to Ch 13 
Requirements for Welded Construction of these Rules. 


1.1.5 Plastics materials are to comply with the requirements of Ch 14 Plastics Materials and other Non-Metallic Materials of 
these Rules. 


1.1.6 Coatings, corrosion prevention systems and their components are to comply with the requirements of Ch 715 Corrosion 
Prevention. 


1.1.7 The materials and components which are to comply with these requirements for the purposes of classification are 
defined in the relevant Rules dealing with design and construction. 


1.1.8 Materials, manufacturing processes and inspection methods not listed in the Rules for the Manufacture, Testing and 
Certification of Materials, July 2022 will be specially considered. 


a Section 2 
Approval and survey requirements 


2.1 Approval and survey requirements - General 


2.1.1 Marine materials manufactured in accordance with Ch 3 Rolled Steel Plates, Strip, Sections and Bars to Ch 10 
Equipment for Mooring and Anchoring of these Rules are to be made at works which have been approved by LR for the type and 
grade of product being supplied. 
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2:12 Materials manufactured in accordance with Ch 3 Rolled Steel Plates, Strip, Sections and Bars to Ch 10 Equipment for 
Mooring and Anchoring of these Rules are to be manufactured, tested and inspected under Survey according to the requirements 
of one of the following two schemes: 


(a) The Materials Survey Scheme, see Ch 7, 2.3 Materials Survey Scheme. 
(b) The Materials Quality Scheme, see Ch 7, 2.4 Materials Quality Scheme. 


2.1.3 For the purposes of survey, LR Surveyors are to be allowed access to all relevant parts of the works, and are to be 
provided with the necessary facilities and information to enable them to verify that the manufacture is being carried out in 
accordance with the approved procedures. Facilities are also to be provided for the selection of test material, the witnessing of 
mechanical tests and the examination of materials, as required by these Rules. 


2.1.4 Where a production process, testing or examination of materials is sub-contracted, this must be with the approval of 
LR. Surveyors are to be allowed access to the sub-contractor's premises in order to conduct Surveys according to the 
requirements of these Rules. 


2219 Products manufactured in accordance with Ch 11 Approval of Welding Consumables, Ch 14 Plastics Materials and 
other Non-Metallic Materials and Ch 15, 2 Coatings and Ch 15, 3 Corrosion Resistant Steels of Ch 15 Corrosion Prevention are to 
be approved in accordance with the requirements therein. For these materials, approval is given for a specific product on a type 
approval basis, rather than the approved manufacturer/survey arrangements applied to materials covered by Ch 3 Rolled Steel 
Plates, Strip, Sections and Bars to Ch 10 Equipment for Mooring and Anchoring. 


2.2 LR Approval - General 


2.2.1 Unless specifically stated in other Chapters of these Rules, all LR approvals apply to materials used in applications 
intended for marine service, as described in Ch 71, 1.1 General. 


2.2.2 The procedures for application for approval of manufacturers and products, the details of the information to be supplied 
by the manufacturer, and the test programme to be conducted on the products are given in the appropriate book of LR's Materials 
and Qualification Procedures for Ships (MQPS8). This is published in the Class Direct section of LR's web site at http://www.lrorg. 


2.2.3 LR publishes lists of approved manufacturers and approved products. The lists are published in the Class Direct section 
of LR's website, http://www.lrorg. The lists are as follows: 


° List of Approved Manufacturers of Materials. 

e — Approved Welding Consumables for Use in Ship Construction. 

e Lists of Paints, Resins, Reinforcements and Associated Materials. 
e Lists of Approved Anchors. 


2.2.4 For initial LR approval as an Approved Manufacturer for a particular material, the manufacturer is required to 
demonstrate to the satisfaction of LR that the necessary manufacturing and testing facilities are available, and are supervised by 
suitably qualified personnel. A specified programme of tests is to be carried out under the supervision of LR Surveyors, and the 
results are to be to the satisfaction of LR. 


2.2.5 If the results of the initial assessment of the manufacturer, and the test programme are considered satisfactory, the 
manufacturer will be added to the list of approved manufacturers of materials, and a certificate of approval will be issued to the 
manufacturer by LR, showing the scope of materials and grades covered by the approval. Initial approval will generally be under 
the Materials Survey Scheme, see Ch 7, 2.3 Materials Survey Scheme. 


2.2.6 Approved manufacturers who meet the entry requirements may apply for approval under the Materials Quality Scheme, 
see Ch 7, 2.4 Materials Quality Scheme. 


2.2.1 When a manufacturer has more than one works, the manufacturer's approval shall only be valid for the works where the 
test programme was conducted. 


2.2.8 It is the manufacturer's responsibility to advise LR of all changes to the manufacturing process parameters that may 
affect the application of the material, prior to the adoption of the changes in production. Additional approval tests may be required 
to maintain the approval. 


2.2.9 Maintenance of approval is dependent on the manufacturer continuing to meet the requirements of the applicable 
sections of these Rules. 


2.2.10 | Where it is considered that an approved manufacturer is not maintaining its responsibilities to comply with these Rules, 
the approval may be suspended by LR until such time that agreed corrective and preventive actions are considered to have been 
satisfactorily carried out. If considered necessary, LR may require that the normal level of testing and inspection is increased. 
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2.2.11 In all instances, LR will reduce the scope of, or withdraw approval from, a manufacturer where it becomes apparent that 
the manufacturer is unable to maintain compliance with these Rules or the scope of approval. 


2.2.12 Where a manufacturer disagrees with any decisions made with regard to LR approval, they may appeal in writing to LR. 


2.2.13 Any documents, data or other information received as part of the approval process will be treated as strictly confidential, 
and will not be disclosed to any third party, without the manufacturer's prior written consent. 


2.2.14 |The approved works will be subject to a periodic inspection of all relevant parts of the works, at intervals not exceeding 
three years. The procedure for this periodic inspection is given in Book B of LR’s Materials and Qualification Procedures for Ships 
(MQPS). This periodic inspection is in addition to the regular visits made according to Ch 7, 2.3 Materials Survey Scheme 2.3.7. 


2.3 Materials Survey Scheme 


2.3.1 Materials according to Ch 3 Rolled Steel Plates, Strip, Sections and Bars to Ch 10 Equipment for Mooring and 
Anchoring of these Rules and produced under the Materials Survey Scheme will be subject to Direct Survey by an LR Surveyor. 
The scheme requires the Surveyor to survey and certify all materials according to the requirements of these Rules. 


2.3.2 Approved manufacturers are to request a survey of the material by an LR Surveyor, when required. Manufacturers must 
provide the Surveyor with details of the order, specification and any special conditions additional to the requirements of these 
Rules. 


2.3.3 All mechanical tests required by these Rules are to be witnessed. The Surveyor may allow part of this task to be carried 
out by a member of the works staff by prior written agreement. 


2.3.4 Before final acceptance, all materials are to be submitted to the specified tests and examinations under conditions 
acceptable to the Surveyor. The results are to comply with the Rules, and all materials are to be to the satisfaction of the Surveyor. 


2.3.5 The specified tests and examinations are to be carried out prior to the despatch of finished materials from the 
manufacturer's works. Where materials are supplied in the rough or unfinished condition, as many as possible of the specified 
tests are to be carried out by the manufacturer, and any tests or examinations that are not completed are to be carried out under 
survey at a subsequent stage of manufacture. 


2.3.6 In the event of any material proving unsatisfactory during subsequent working, machining or fabrication, such material is 
to be rejected, notwithstanding any previous certification. 


2.3.7 In addition to witnessing test results, the Surveyor is responsible for ensuring that the manufacturing process, 
inspection, testing, identification and certification are properly conducted. As part of the Materials Survey Scheme, regular visits 
will be made to all relevant parts of the works, including the subcontractors who are conducting any process which will affect the 
properties of the final products, to check for compliance against the requirements of these Rules, and to ensure that the 
manufacturer is maintaining the capability to consistently produce approved materials. 


2.3.8 The Surveyor, when satisfied that the material fully meets the requirements of these Rules, will certify the material in 
accordance with Ch 1, 3 Certification of materials and the appropriate Chapter of these Rules. 


2.4 Materials Quality Scheme 
2.4.1 The manufacturer may apply to be approved under the Materials Quality Scheme where the following requirements are 
met: 


(a) The manufacturer has been approved by LR on the Materials Survey Scheme for a minimum of three years and continues to 
maintain their LR works approval according to Ch 7, 2.2 LR Approval — General 2.2.14; and 


(b) The manufacturer has a quality management system, which has been certified as meeting the requirements of ISO 9001 
Quality Management Systems - Requirements by a certification body recognised by LR, which is one accredited by a 
member of the International Accreditation Forum; and 


(c) The manufacturer has a satisfactory history of quality performance in the manufacture and supply of LR approved materials. 


2.4.2 Special consideration may be given to manufacturers who have not been approved under the Materials Survey Scheme, 
and may be considered onto the Materials Quality Scheme providing: 


(a) They have a quality management system which has been certified as meeting the requirements of ISO 9001 by a certification 
body recognised by LR, which is one accredited by a member of the International Accreditation Forum. 


(bo) They can demonstrate a history of satisfactory supply of materials which LR deems to be equivalent to those for which 
approval under the Materials Quality Scheme is requested. 
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In this case, the initial assessment of the manufacturer will include the product testing regime, as required for initial approval under 
the Materials Survey Scheme see Ch 7, 2.2 LR Approval — General 2.2.4. 


2.4.3 The Scheme is based on a Scheme Certification Schedule, made between LR and each individual manufacturer. The 
schedule will stipulate: 


a) The scope of approved products covered by the approval. 

b) The process route applied by the manufacturer for each approved product. 

c) The arrangements for LR scheme, audits, including scope, frequency, schedule, etc. 
d) Agreed procedures for certification of approved materials. 

e) Information to be supplied periodically to LR by the manufacturer. 

f) | Procedures for the use of the scheme mark. 


2.4.4 The contents of the Scheme Certification Schedule are to remain confidential between LR and the manufacturer. 


2.4.5 The Materials Quality Scheme is based on a technical audit approach, and is designed to complement the quality 
management systems audits performed to ISO 9001. The role of the Surveyor in scheme audits is to: 


fav) 


) Verify that the quality management system is being maintained and audited to the requirements of ISO 9001. 
b) Verify that the requirements of these Rules are being implemented. 

) Verify that the requirements of this Scheme are being implemented. 

) 


Perform Scheme audits, which focus on the technical aspects of the product realisation process, particularly with regard to 
Rule requirements. 


(e) Perform witness testing as required. 
(f) Verify the data supplied to LR periodically by the manufacturer as part of the Scheme requirements. 


Qa 


2.4.6 The Materials Quality Scheme may be applied to any approved manufacturer who meets the eligibility requirements, and 
who applies to be approved under the scheme. If approved under the scheme, the manufacturer's name will appear on the List of 
Approved Manufacturers published by LR, with an indication that they are approved under this scheme. 


2.4.7 The scheme is available to manufacturers producing approved materials according to Ch 3 Rolled Steel Plates, Strip, 
Sections and Bars to Ch 10 Equipment for Mooring and Anchoring of these Rules. 


2.4.8 The procedures for application for approval for the Materials Quality Scheme are given in LR's ShipRight Procedure 
Approval of a Manufacturer according to Quality Assurance Engineering Schemes (QAES). 


249 Where LR is satisfied that the manufacturer meets all of the requirements of the Scheme, and that it is appropriate for 
the products being manufactured, a Scheme Certification Schedule will be issued, which must be signed by an authorised 
representative of the manufacturer. 


2.4.10 Once the Scheme Certification Schedule has been signed by both parties, LR will issue the manufacturer with a 
certificate of approval according to the Materials Quality Scheme. 


2.4.11 Maintenance of approval will be according to the Scheme Certification Schedule agreed between LR and the 
manufacturer, and these Rules. 


2.4.12 — It is the responsibility of the attending Surveyor to perform regular Scheme audits at the manufacturer's works in 
accordance with the Scheme Certification Schedule, and the requirements of these Rules. 


2.4.13 It is not the intention to repeat the audit according to ISO 9001 conducted by the recognised certification body. The 
Surveyor is, however, to be satisfied that these audits are being conducted effectively. Where appropriate, the Surveyor may 
conduct a partial audit to ISO 9001 to verify this. 


2.4.14 Witness tests may be conducted as part of the Scheme audit. This will involve the selection of material, and the witness 
of sampling and testing according to the requirements of the appropriate chapter of these Rules. Such witness testing may be on 
LR grades, or materials which the Surveyor deems to be equivalent (for the purposes of audit testing only). 


2.4.15 Once every three years, a full assessment of scheme compliance will be conducted by a Surveyor who is generally not 
the regular attending Surveyor. This assessment is in addition to the periodic inspection requirement made according to Ch 7, 2.2 
LR Approval — General 2.2.14. 


2.4.16 — In the event of any change which means that the manufacturer no longer meets the requirements for the Materials 
Quality Scheme (for example the loss of ISO 9001 approval), the Scheme certificate of approval will be revoked. The manufacturer 
will revert to the Materials Survey Scheme, and will be subject to survey according to that scheme. 
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i] Section 3 
Certification of materials 


3.1 General 


3.1.1 All materials subject to these Rules are to be supplied with appropriate certification, as required by the relevant 
requirements of these Rules. This will normally be an LR certificate or a manufacturer’s certificate validated by LR, although a 
manufacturer's certificate may be accepted where allowed by the relevant requirements of these Rules. 


3.1.2 Manufacturers approved under the Materials Quality Scheme are licensed to apply the scheme mark to manufacturer's 
certificates according to the requirements of the scheme, see Ch 17, 2.4 Materials Quality Scheme. 


3.1.3 The following certificate types are to be used, (a) and (b) for the Materials Survey Scheme, and (d) for the Materials 
Quality Scheme: 


(a) LR Certificate 


This type of certificate is issued by LR based on the results of testing and inspection being satisfactorily carried out in 
accordance with the requirements of these Rules. 
(bo) Manufacturer's certificate validated by LR 


A manufacturer's certificate, validated by LR on the basis of inspection and testing carried out by the manufacturer and which 
is in accordance with the requirements of these Rules, may be accepted. In this case, the certificate will include the following 
statement: 


'We hereby certify that the material has been made by an approved process and satisfactorily tested in accordance with the 
Rules of Lloyd's Register.’ 
(c) Manufacturer's certificate 


This type of certificate is issued by the manufacturer based on the results of testing and inspection being satisfactorily carried 
out in accordance with the requirements of these Rules or the applicable National or International Standard. The certificate is 
to be validated by the manufacturer's authorised representative, independent of the manufacturing department. The 
certificate will contain a declaration that the products are in compliance with the requirements of these Rules or the applicable 
National or International Standard. 

(d) Manufacturer's certificate issued under the Materials Quality Scheme 


Where a manufacturer is approved according to the Materials Quality Scheme, they will issue manufacturer's certificates 
bearing the scheme mark and the MQS approval number. The certificates must also bear statements as described in LR's 
ShipRight Procedure Approval of a Manufacturer according to Quality Assurance Engineering Schemes (QAES). These 
statements by the manufacturer will certify that the product has been made by an approved process in accordance with LR's 
Rules and that the certificate is issued in accordance with the requirements of the MQS. 


3.1.4 The certificate format is to be approved by LR. Variations in the wording of the statements are permitted with written 
approval from LR. 


3.1.5 Where these Rules allow for the issue of a manufacturer's certificate for materials, either validated by an LR Surveyor, or 
bearing the Materials Quality Scheme mark, the manufacturer is to ensure that a copy of the certificate is supplied to LR by an 
agreed means and frequency. 

3.2 Materials Survey Scheme 


3.2.1 The requirements for certification of materials according to the Materials Survey Scheme are established by the relevant 
requirements of these Rules. 


3.2.2 The manufacturer is to supply the surveyor with any additional customer order requirements that are in addition to the 
requirements of these Rules, when the request for the issue or validation of the certificate is made. 


3.3 Materials Quality Scheme 


3.3.1 Part of the certification schedule will include an agreement for the manufacturer to apply the scheme mark to 
manufacturer's certificates relating to approved products within the scope of approval of the manufacturer. 


3.3.2 The use of the scheme mark is governed by the following: 
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(a) The use of the scheme mark is not transferable. It is only to be used in conjunction with the manufacturer and works name 
and location shown on the certificate of approval. 

(b) The scheme mark must be applied to all manufacturers' certificates relating to approved materials produced under the 
Scheme. 

(c) Inno circumstances is the scheme mark to be applied to test certificates relating to non-approved products. 

(d) The scheme mark is not to be used in any way which may imply approval for products which are not covered within the 
manufacturer's scope of approval. 

(e) Where a manufacturer is removed or suspended from the scheme, use of the scheme mark must cease immediately. 


3.3.3 The certificate as given in Ch 7, 3.1 General 3.1.3.(d) is to be validated by an authorised representative of the 
manufacturer. The size and position of the scheme mark and statement on the manufacturer's certificate must be agreed by LR. 


3.3.4 Where manufacturers are approved under this scheme, the manufacturer's certificate issued according to these 
requirements fully meets the materials certification requirements of these Rules. 


3.4 Electronic certification 


3.4.1 Where these Rules allow the issue of manufacturers’ test certificates, under either the Materials Survey Scheme or the 
Materials Quality Scheme, these may be issued in electronic format provided that: 


a) All tests and inspections have been satisfactorily completed according to the requirements of these Rules. 
b) Procedures are in place to ensure that electronic certificates are only issued according to the requirements of these Rules. 


c) The certification system is subject to regular inspection by the attending Surveyor. 
d) Acopy of the electronic certificate is supplied to LR. This copy will be deemed to be the original of the test certificate. 


_ nlm 


3.4.2 In addition to the requirements of Ch 7, 3.4 Electronic certification 3.4.1, for items certified under the Materials Survey 
Scheme, the LR office stamp and Surveyor's name may be applied electronically. This is only allowed where the Surveyor has 
access to the results of the relevant tests and inspections, and is able to authorise by access to the electronic system, the 
application of the LR office stamp and Surveyor's name on the test certificate. The name of the authorising Surveyor is to be the 
name included on the certificate. The authorisation may be conducted electronically either at the manufacturers’ works, or 
remotely by the Surveyor. 


3.4.3 If the LR office stamp and name are being applied electronically according to Ch 1, 3.4 Electronic certification 3.4.2, 
then the manufacturer is to ensure that the Surveyor is provided with all relevant information regarding the customer order, when 
the request for authorisation is made. 


| Section 4 
General requirements for manufacture 


4.1 General 
4.4.1 The following definitions are applicable to these Rules: 
Item: A single forging, casting, plate, tube or other rolled product as 
delivered. 
Piece: The rolled product from a single slab or billet or from a single ingot 


if this is rolled directly into plates, strip, sections or bars. 


Batch: A number of similar items or pieces presented as a group for 
acceptance testing. 


Wide Flat: flat product of a width over 150 mm, up to and including 1250 mm 
and thickness generally over 4 mm. Edges are square cut, i.e. hot 
rolled on the four sides. Supplied in lengths, not coils. 


Plate/Sheet: flat rolled product whereby the edges are allowed to deform freely. 
Supplied flat and generally in square or rectangular shapes with a 
width of 600 mm or over, but other shapes may also apply. 
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4.1.2 Where a manufacturer purchases semi-finished products (e.g. slabs) for the purpose of re-processing (e.g. rolling), the 
manufacturer is to ensure that the materials are from an LR approved manufacturer, and manufactured within the scope of 
approval of that manufacturer. The aim of chemical analysis, dimensions, surface and internal quality checks are to be agreed 
between the manufacturer and purchaser. The semi-finished materials must be supplied with appropriate certification, according to 
these Rules. 


4.1.3 It is the responsibility of the manufacturer to ensure compliance with all relevant aspects of these Rules. All deviations 
are to be recorded as non-compliances, and brought to the attention of the Surveyor, along with corrective actions taken. Failure 
to do this is considered to render the material as not complying with these Rules. 


4.1.4 The manufacturer is to maintain all test and inspection records required by these Rules for at least seven years. Records 
are to be made available to LR on request. 


4.1.5 Where material is produced which does not meet all aspects of these Rules, the manufacturer may apply to LR for a 
concession to certify the material as approved. LR will consider each application on a case-by-case basis, although concession 
will only normally be granted in exceptional circumstances. If the concession is granted, a formal written numbered concession will 
be issued to the manufacturer. The concession number must be applied to the approval certificate, whether it is an LR certificate 
or a validated manufacturer's certificate. 


4.2 Chemical composition 


4.2.1 The ladle analysis used for certification purposes is to be determined after all alloying elements have been added and 
sufficient time allowed for such additions to equalise throughout the ladle. 


4.2.2 The method of taking samples is to ensure that the reported analysis is representative of the cast. In addition, the 
manufacturer must determine and certify the chemical composition of every heat of material. 


4.2.3 Where more than one sample is taken, the method of averaging for the final certificate result and the determination of 
acceptable variations in composition are to be agreed with the Surveyor. 


4.2.4 The chemical composition of ladle samples is to be determined by the manufacturer in an adequately equipped and 
competently staffed laboratory. The manufacturer's analysis will be accepted, but may be subject to occasional independent 
checks if required by the Surveyor. 


4.2.5 The analysis is to include the content of all the elements detailed in the relevant Sections of the Rules and, where 
appropriate, the National or International Standard applied. 


4.2.6 At the discretion of the Surveyors, a check chemical analysis of suitable samples from products may also be required. 
These samples are to be taken from the material used for mechanical tests but, where this is not practicable, an alternative 
procedure for obtaining a representative sample is to be agreed with the manufacturer. For product samples, the permissible limits 
of deviation from the specified ladle analysis are to be in accordance with an appropriate International or National Standard 
specification. 


4.3 Heat treatment 


4.3.1 Materials are to be supplied in the condition specified in, or permitted by, the relevant Chapters of these Rules. 


4.3.2 Heat treatment is to be carried out in properly constructed furnaces which are efficiently maintained and have adequate 
means for control and recording of temperature. The furnace dimensions are to be such as to allow the whole item to be uniformly 
heated to the necessary temperature. In the case of very large components which require heat treatment, alternative methods will 
be specially considered. Furnace temperature uniformity surveys to recognised standards (e.g. ASTM A991) shall be carried out at 
the specified frequency. 


4.3.3 The manufacturer is to maintain the records, including the temperature charts of all heat treatments for at least seven 
years. 
4.4 Test material 


4.4.1 Sufficient test material is to be provided for the preparation of the test specimen detailed in the specific requirements. It 
is, however, in the interests of manufacturers to provide additional material for any re-tests which may be necessary, as insufficient 
or unacceptable test material may be a cause for rejection. 


4.4.2 The test material is to be representative of the item or batch and is not to be separated until all the specified heat 
treatment has been completed, except where provision for an alternative procedure is made in subsequent Chapters of these 
Rules. 
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4.4.3 All test material is to be selected by the Surveyor or an authorised deputy and identified by suitable markings which are 
to be maintained during the preparation of the test specimens. 


4.5 Mechanical tests 


4.5.1 The dimensions, number and direction of test specimens are to be in accordance with the requirements of Ch 2 Testing 
Procedures for Metallic Materials and the specific requirements for the product. 


4.5.2 Where Charpy impact tests are required, a set of three test specimens is to be prepared and the average energy value is 
to comply with the requirements of subsequent Chapters. One individual value may be less than the required average value 
provided that it is not less than 70 per cent of that value. 


4.5.3 In the Rules, mechanical properties are specified in SI units, but alternative units may be used for acceptance testing. In 
such cases, the specified values are to be converted in accordance with the appropriate conversions given in Table 1.4.1 
Conversions from SI units to metric and Imperial units. \t is preferred that test results be reported in SI units, but alternative units 
may be used provided that the test certificate gives, in the same units, the equivalent specification values. 


Table 1.4.1 Conversions from SI units to metric and Imperial units 


/mm? or MPa 0,102 kgf/mm? 
/mm? or MPa 0,0647 tonf/in? 
/mm? or MPa 0,145 x 108 Ibf/in? 
0,102 kgf m 
0,788 ft lbs 
1 kgf/mm? 9,81 N/mm? or MPa 
1 tonf/in? 15,4 N/mm or MPa 
1 Ibf/in? 6,89 x 10-8 N/mm? or MPa 
1 kgfm 9,81 J 
1 ft lbf 1,36 J 
4.6 Re-test procedures 
4.6.1 Re-test procedures are to be in accordance with the requirements of Ch 2, 1.4 Re-testing procedures. 
4.7 Rectification of defective material 
4.7.1 Small surface imperfections may be removed by mechanical means provided that, after such treatment, the dimensions 


are acceptable, the area is proved free from defects and the rectification has been completed in accordance with any applicable 
requirements of subsequent Chapters of these Rules and to the satisfaction of the Surveyor. 


4.7.2 The repair of defects by welding can be accepted only when permitted by the appropriate specific requirements and 
provided that the agreement of the Surveyor is obtained before the work is commenced. When a repair has been agreed, it is 
necessary in all cases to prove by suitable methods of non-destructive examination that the defects have been completely 
removed before welding is commenced. Welding procedures and inspection on completion of the repair are to be in accordance 
with the appropriate specific requirements and are to be to the satisfaction of the Surveyor. 


4.7.3 Manufacturers wishing to carry out welding work must have at their disposal the necessary workshops, lifting gear, 
welding equipment, pre-heating, and where necessary annealing facilities and testing devices, as well as certified welders and 
supervisors to enable them to perform the work properly. Proof shall be furnished to the Surveyor that these conditions are 
satisfied before welding work begins. 


4.8 Identification of materials 


4.8.1 The manufacturer is to adopt a system of identification which will enable all finished materials to be traced to the original 
cast, and the Surveyors are to be given full facilities for tracing the material when required. When any item has been identified by 
the personal mark of a Surveyor, or his deputy, this is not to be removed until an acceptable new identification mark has been 
made by a Surveyor. Failure to comply with this condition will render the item liable to rejection. 
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4.8.2 Before any item is finally accepted it is to be clearly marked by the manufacturer in at least one place with the particulars 
detailed in the appropriate specific requirements. 


4.8.3 Where hard stamps such as the LR brand stamp are issued to manufacturers to carry out the stamping on behalf of LR, 
the procedure for issue, maintenance and use of stamps is to be agreed in writing. 


4.8.4 Identification and marking is normally made by hard stamping, however, alternative methods may be used by prior 
agreement. Such methods may be an electronic tagging system such as RFID labels, electric etching, stenciling, or painting. 
Paints used to identify alloy steels are to be free from lead, copper, zinc or tin, i.e. the dried film is not to contain any of these 
elements in quantities of more than 250 ppm. 


4.8.5 Where alternative methods are to be used, the manufacturer shall have in place a procedure detailing the process and 
controls for the identification of materials, and control measures for effective traceability of materials. 


4.8.6 Hard stamping may, in some cases, be detrimental to the material. Where this concern is identified, an alternative 
method, such as described in Ch 17, 4.8 Identification of materials 4.8.4, shall be used. 


4.8.7 Where a number of light identical products, such as sections and bars weighing < 50 kg per meter, are securely 
fastened together in bundles, the manufacturer need only brand each bundle. A durable label giving the required particulars may 
be attached to each bundle. 


=i Section 5 
Non-destructive examination 


5.1 General NDE requirements 


5.1.1 Prior to the final acceptance of materials, surface inspection and verification of dimensions, non-destructive examination 
is to be carried out in accordance with the requirements detailed in this Section and subsequent Chapters of these Rules. 


5.1.2 It is the manufacturer’s responsibility for maintaining the required tolerances and making the necessary measurements. 
Periodic surveys by the Surveyor do not absolve the manufacturer from this responsibility. 


5.1.3 When there is visible evidence to doubt the soundness of any material or component, such as flaws in test soecimens 
or suspicious surface marks, the manufacturer is expected to prove the quality of the material by a suitable method. 


5.1.4 Acceptance criteria are detailed in subsequent Chapters of these Rules. Alternative specifications may be submitted for 
consideration, provided they demonstrate equivalence to these Rules. 


foFn eo} It is the manufacturer’s responsibility to ensure that all NDE and visual inspections are carried out in a controlled and 
consistent manner by certified personnel, in accordance with the approved and applicable NDE procedures, for all methods. This 
responsibility includes the collation and provision of accurate reports, which shall be transmitted as appropriate to LR, and in all 
cases be available upon request to the Surveyor. 


5.1.6 NDE testing may be witnessed at the discretion of the LR Surveyor and wherever specifically stated within LR Rules. 


5.2 Personnel qualifications 


5.2.1 Personnel carrying out non-destructive examination and interpreting the results of non-destructive examination shall be 
certified to the appropriate level of a nationally recognised scheme. This requirement also extends to advanced methods, which 
include, but are not limited to, Phased Array Ultrasonic Testing (PAUT), Time of Flight Diffraction (TOFD), and digital radiography 
(RT-D). Schemes such as ISO 9712, ACCP (ASNT Central Certification Program) or SNT-TC-1A fulfil this certification requirement. 
Other nationally recognised schemes may be acceptable, and shall be agreed with LR. Furthermore, the personnel shall be 
certified to the appropriate industry sector for the product type which they are examining. 


5.2.2 Level 1 personnel are not permitted to interpret results to Codes or Standards. 


5.2.3 When certification of personnel is made on an in-house basis under a scheme such as SNIT-TC-1A, practical 
examinations are to be relevant to material, product type, joint configuration, material thickness and acceptance criteria of items 
inspected for Classification purposes. 


5.2.4 Personnel qualifications of NDE operators are to be randomly checked by the Surveyor. 
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5.3 Requirements for suppliers of NDE services 

5.3.1 The shipyard, fabricator, or manufacturer may have internal NDE services (e.g. internal NDE department), or may acquire 


external provision of these services from an NDE firm. The NDE provision, whether from internal resource, or external provider, 
hereinafter shall be known as the supplier. 


5.3.2 The supplier carrying out NDE services shall document all controls necessary to ensure that competent and appropriate 
NDE services can be provided. These include (but are not limited to): 


(a) a quality management system covering all necessary and relevant information and processes, enabling effective NDE 
operations; 

(b) training and certification of NDE personnel; 

(c) responsibilities of Supervisors and Operators; 

(d) equipment 

(e) procedures and work instructions; 

(f) | control and use of sub-contractors (as applicable); and 

(g) reporting. 

5.3.3 Documents detailing control of NDE operations and processes shall be available to the Surveyor upon request. These 

include items such as: 


a) organisation and management structure, including any subsidiaries; 

b) quality management system; 

) procedures and work instructions; 

d) details of training requirements, and Written Practice (if applicable) according to SNT-TC-1A; 

) roles and responsibilities of supervising and practitioner personnel; 

f) | company experience; 

g) equipment controls, including guidelines for use of equipment; and 

h) customer feedback, relevant complaints, and any legal proceedings against the company (historical or present); and 
i) — any information on other activities which may present a conflict of interest. 


5.3.4 The quality management system shall contain details covering, as a minimum, the following items: 


a) Training and certification processes, including visual acuity; 
b) Work procedures and instructions; 

c) Maintenance of documents, records and standards; 

d) Maintenance, control, and calibration of equipment; 

e) Processes for supervision and effective control of operations; 
f) Traceability of records and equipment; 

g) Code of conduct for activities; 

h) Corrective and preventive actions; and 

i) internal and supplier audits (as applicable). 


5.3.5 The supplier of NDE services should satisfy the requirements of a Type A or Type B inspection body, as described in 
SO/IEC 17020; however, formal certification to ISO/IEC 17020 is not required. 


5.3.6 The supplier shall have employed at least one Level Ill in the organisation, who is deemed a Supervisor, with applicable 
responsibilities commensurate with this title, and as described in the quality management system and work processes. The Level 
Ill Supervisor shall be certified to an externally accredited scheme, i.e. they shall not be appointed under an ‘in-house’ scheme. 


5.3.7 The supplier may acquire external provision of independent Level Ill services to supplement any additional NDE methods 
which the Level III Supervisor may not be certified for. 


5.4 Non-destructive examination methods 
5.4.1 Non-destructive examination methods are to comply with the relevant requirements of these Rules. 


5.4.2 The surfaces under inspection are to be clean, dry and free from scale, oil, grease, dirt or paint so that there are no 
contaminants or entrapped material that may impede the inspection media, especially penetrant media, and are to be free of 
irregularities that may mask or interfere with interpretation of results. 
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6.4.3 Visual testing personnel are to confirm that the surface condition is acceptable prior to carrying out any further NDE 
inspections. Visual testing shall be conducted in accordance with a recognised National or International standard agreed between 
the Shipbuilder and Surveyor. 


5.5 Non-destructive examination procedures and work instructions 


5.5.1 All non-destructive examinations are to be carried out to a procedure that is representative of the item under inspection. 
As a minimum the procedures are to be in accordance with the following: 


(a) Procedures are to identify the component to be examined, the NDE method, the equipment to be used and the full extent of 
the examinations including any test restrictions. 

(b) Procedures are to specify the qualification and certification requirements of the inspection personnel to be employed. 

(c) Procedures are to state the degree of surface preparation required and the methods of preparation to be used before the 
examinations are made. 

(d) Procedures are to state the reference standards for testing and the acceptance criteria to be applied to the results of the 
inspections. 

(e) Procedures are to include the requirement for components to be positively identified and for a datum system or marking 
system to be applied to ensure repeatability of inspections. 

(f) | Procedures are to identify any requirements for increasing the extent of applied NDE where defects have been found during 
spot examination. 

g) Procedures are to identify reporting requirements. 

h) Procedures are to be reviewed by the Surveyor to ensure that they are appropriate for the product type. 

Procedures are to include the method and requirements for equipment calibrations and functional checks. 

Procedures are to be approved by an Operator or Supervisor qualified to Level Ill in accordance with a recognised 

certification scheme or body. The Level Ill shall be certified in the method which is relevant to the testing procedure. 

(k) The Surveyor will review procedures for compliance with this Section. 


515.2 The shipyard, fabricator or manufacturer may submit other Codes or Standards for consideration by LR, providing they 
are equivalent to these Rules. Where no agreed acceptance standard is in place, the acceptance levels contained in the 
subsequent Chapters of these Rules are to apply. 


5.5.3 In the event that proposed acceptance criteria are not considered to be equivalent to these Rules, the criteria may be 
submitted for special consideration. 


5.6 Non-destructive examination reports 


5.6.1 NDE reports are to include all information required to identify how the examination was executed and are to include the 
following information where appropriate: 


a) Date of test, and date of test report (if different from test). 

b) Name and qualification of Operator with signatures of the Operator. 

c) Details of the component identification, ship hull number (where applicable), description of test location, purpose of test and 
volume examined. 

d) Material type, grade, stage of manufacture (where applicable), product form, geometrical configuration, dimensions and 
thickness. 

e) Heat treatment status, where applicable. 

f) Weld type, weld location, length of inspected weld, weld process and procedure, and weld configuration, where applicable to 
welded structures or components. Additionally, for ship hull welds, the number of repairs is to be recorded if a specific area is 
repaired more than twice. 

g) Surface condition and surface test temperature. 

h) Test procedure, testing standards, and testing level (as applicable). 

Equipment used, including instrument manufacturer, type of instrument, and any identification numbers (as applicable). 

Test results with a map or record of reportable and/or reject indications, giving location, datum (and any appropriate 

coordinate system), dimensions and nature of indications, and a statement of acceptance/non-acceptance, as appropriate. 

k) Reference to acceptance criteria and evaluation in accordance with these criteria. 

!) Calibration details of the equipment and reference samples, as appropriate to the test method. 

m) Viewing conditions. 

n) Details of software used (where applicable). 
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0) Method and values used for range and sensitivity settings (where applicable). 

p) Details of any signal processing and scan increment settings (where applicable). 
Access limitations and any deviations from standards or procedures. 

Reference to the raw data file(s) (where applicable). 
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5.6.2 Non-destructive examination inspection records are to be maintained for at least 7 years. 


5.7 Liquid penetrant testing 


She Liquid penetrant testing (PT) is to be conducted in accordance with ISO 3452-1 or a recognised National or International 
Standard with the extent of the PT being in accordance with the approved plans and to the satisfaction of the Surveyor. 


5.7.2 The temperature of parts examined is to typically be between 5°C and 50°C. Outside this temperature range, special 
high/low temperature penetrant and reference comparator blocks are to be used upon agreement with LR. 


5.7.3 In addition to any of the general requirements of Ch 7, 5.6 Non-destructive examination reports, PT reports are to 
include the following specific items: 

(a) Type of penetrant, cleaner, and developer used. 

(b) Penetration and development timings. 

(c) Viewing/lighting conditions. 

5.7.4 The PT acceptance criteria for welds are based on the general requirements of ISO 23277 Level 2. 


5.8 Magnetic particle testing 


5.8.1 Magnetic particle testing (MT) is to be conducted in accordance with ISO 17638 or a recognised National or 
International Standard with the extent of the MT being in accordance with the approved plans and to the satisfaction of the 
Surveyor 


5.8.2 In addition to any of the general requirements of Ch 7, 5.6 Non-destructive examination reports, MT reports are to 
include the following specific items: 

a) Type of magnetisation. 

b) Magnetic field strength. 

c) Detection media. 

d) Viewing/lighting conditions. 

e) Demagnetisation, if required. 


5.8.3 The MT acceptance criteria for welds are based on the general requirements of ISO 23278 Level 2. 


5.9 Radiographic testing 


5.9.1 Radiographic testing (RT) is to be conducted in accordance with ISO 17636-1 or a recognised National or International 
Standard with the extent of the RT being in accordance with the approved plans and to the satisfaction of the Surveyor. 


5.9.2 Procedures for radiography are to specify the acceptable optical density within the area of interest on the radiograph. 


5.9.3 The minimum optical density within the area of interest on a radiograph is to be equal to or greater than 2,0 for gamma 
ray and 1,8 for X-ray. A maximum density of 4,0 is acceptable if a suitable radiographic film viewer is capable of providing a 
sufficiently high intensity light source. 


5.9.4 In addition to any of the general requirements of Ch 1, 5.6 Non-destructive examination reports, RT reports are to 
include the following specific items: 
a) Type and size of radiation source (width of radiation source), X-ray voltage. 
b) Type of film/designation and number of films in each film holder/cassette. 
) Number of exposures or radiographs. 
d) Type of intensifying screens where applicable. 
. Exposure technique, time of exposure and source to film distance. 
f) | Distance from radiation source to weld. 
g) Distance from source side of the weld to the radiographic film. 
h) Approximate angle of radiation beam through the weld. 
i) Sensitivity, type and position of IQl. 
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(i) | Optical density. 

(k) Geometric un-sharpness. 

(l) | Specific acceptance class criteria for RT. 
(m) Film development process and details. 


5.9.5 The control of documentation, unprocessed original images and digitally processed images (where applicable) is to be in 
accordance with the approved procedure and quality management system. 


5.9.6 The RT acceptance criteria for welds are based on the general requirements of ISO 10675-1 Level 2, and Level 3 for 
Lack of Fusion type defect. 


5.10 Ultrasonic testing 


5.10.1 Ultrasonic testing (UT) is to be conducted in accordance with ISO 17640 (testing procedure), ISO 23279 
(characterisation, where applicable) and ISO 11666 (acceptance levels) or to a recognised accepted National or International 
standard. 


5.10.2 — In addition to any of the general requirements of Ch 71, 5.6 Non-destructive examination reports, UT reports are to 
include the following specific items: 


(a) Type and identification of ultrasonic equipment used (instrument manufacturer, model and serial number), transducers 
(instrument manufacturer, serial number, angle and frequency) and type of couplant (brand). 
) Sensitivity levels calibrated and applied for each transducer. 
. Amount of transfer loss correction applied and type of reference blocks used. 
d) Signal response used for defect detection. 
) — Indications interpreted as failing to meet acceptance criteria. 


[oy 


©) 


5.10.3 For satisfactory quality control, the method of reviewing and evaluating UT reports is to be in accordance with the 
approved procedure and to the satisfaction of the Surveyor. 


5.10.4 The UT acceptance criteria for welds are based on the general requirements of ISO 11666 Quality Level C and 
Acceptance Level 3 and apply to the examination of full penetration ferritic steel welds with thickness from 8 mm to 100 mm. The 
nominal frequency of transducers/probes is to be between 2 MHz and 5 MHz. Examination procedures for other types of welds, 
material, thicknesses above 100 mm, assessment of indications not covered in these rules and examination conditions are to be 
submitted for consideration by LR. 


5.10.5 — Sensitivity settings/ levels are based on technique 1 of ISO 11666 based on 3 mm diameter side drilled holes and the 
acceptance criteria for welds are based on the general requirements of ISO 11666 Level 3. 


5.11 Advanced NDE methods 


5.11.1. Advanced NDE (ANDE) methods may be utilised instead of, or complementary to, existing NDE methods, as applicable 
and as referenced throughout these Rules. The technical requirements and acceptance standards for each of the methods are 
described within the appropriate sections of these Rules. 


5.11.2 | ANDE may be performed, as applicable, on base materials, welds, and components. The acceptance criteria when 
using ANDE methods shall be the same as for existing NDE methods, unless explicitly stated within the appropriate chapters. 


5.11.3 The following terms and definitions for advanced NDE will be referred to hereinafter within these Rules: 


e — ANDE: Advanced non-destructive examination. 

° RT-D: Digital radiography (a term for digital radiographic testing and image storage, other than film radiography. This method 
utilises digital detectors). 

° RT-S (an RT-D method): Radioscopic testing with digital image acquisition (dynamic >12bit). For the purposes of these Rules, 
this method is taken to mean a digital detector utilising DDAs (digital detector arrays), usually consisting of a flat panel 
detector (or a series of detectors). 

e — RT-CR (an RT-D method): Testing with computed radiography using storage phosphor imaging plates. 

e — PAUT: Phased Array Ultrasonic Testing. 

e TOFD: Time of Flight Diffraction (an ultrasonic testing method). 

e AUT: Automated Ultrasonic Testing/Examination. A technique for ultrasonic examination performed with equipment and 
search units that are mechanically mounted and guided, remotely operated, and motor-controlled (driven) without 
adjustments by the technician. The equipment used to perform the examinations is capable of recording the ultrasonic 
response data, including the scanning positions, by means of integral encoding devices such that imaging of the acquired 
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data can be performed. Furthermore, post-testing image analysis with respect to positional location may be obtained from 
the captured and stored data. 

e SAUT: Semi-Automated Ultrasonic Testing/Examination. A technique of ultrasonic examination performed with equipment 
and search units that are mechanically mounted and guided, manually assisted (driven), and which may be manually adjusted 
by the technician. The equipment used to perform the examinations is capable of recording the ultrasonic response data, 
including the scanning positions, by means of integral encoding devices such that imaging of the acquired data can be 
performed. Furthermore, post-testing image analysis with respect to positional location may be obtained from the captured 
and stored data. 


5.12 Digital radiography 


5.12.1 RT-D methods may be of the RT-S (DDA) type or RT-CR type, as applicable to the component or configuration of the 
test item. 


5.12.2 RT-D methods may be used on any material grade and in general on any thickness range, as applicable to the 
penetrating capability of the radiation energy and the radiation source, and within any limits as identified in the procedure. 


5.12.3 — All examinations utilising RT-D methods are to be undertaken using an approved procedure. In addition to the general 
procedural requirements, as specified in Ch 13, 2.12 Non-destructive examination of steel welds instructions, procedures for RT-D 
shall conform to, and specify the following requirements (where applicable): 


(a) Technical requirements concerning digital radiography are to be based on ISO 17686-2:2013 and standards referenced 
therein, or other recognised standards acceptable to LR (upon agreement). 


(b) Any variation to applying the standard (e.g. IQI placement of standard or duplex wire |QI) shall be agreed with LR. 


(c) The procedure is to include the technical information (as applicable) shown in Table 1.5.1 Specific requirements of a digital 
radiography procedure. 


Table 1.5.1 Specific requirements of a digital radiography procedure 


Requirement: 


Material types or weld configurations to be examined, including thickness dimensions and material product form (castings, forgings, pipe, plate, 
etc.) 


Digitising system description: 


anufacturer and model no. of digitising system 


Physical size of the usable area of the image monitor 


Film size capacity of the scanning device 


Spot size(s) of the film scanning system 


mage display pixel size as defined by the vertical/horizontal resolution limit of the monitor 


lluminance of the video display 


Data storage medium 


Digitising technique: 


Digitiser spot size (in microns) to be used 


Loss-less data compression technique, if used 


ethod of image capture verification 


mage processing operations 


Time period for system verification 


Spatial resolution used: 


Contrast sensitivity (density range obtained) 


Dynamic range used 
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Spatial linearity of the system 


aterial type and thickness range 


Source type or maximum X-ray voltage used 


Detector type 


Detector calibration 


inimum source-to-object distance 


Distance between the test object and the detector 


Source size 


Test object scan plan (if applicable) 


mage quality measurement tools 


mage Quality Indicator (IQ) 


Wire image quality indicator 


Duplex image quality indicator 


mage Identification Indicator 


Testing levels, acceptance levels and/or recording levels 


Personnel qualification requirements 


Surface condition 


Records, including minimum calibration data to be recorded 


Environmental and safety issues 


5.12.4 The testing class for RT-D methods is to be class B techniques, as per ISO 17636-2. For circumferential weld testing, 
the minimum number of exposures may correspond to the requirements of class A. 


5.12.5 The acceptance standard for steel welds shall be the same as for film radiography and is shown in Table 13.2.6 
Acceptance criteria for radiographic testing. Further requirements for the examination of welds are specified in Ch 13, 2.12 Non- 
destructive examination of steel welds. 


5.12.6 | The acceptance standard for aluminium welds shall be the same as for film radiography and is shown in Table 13.8.3 
Radiographic acceptance criteria for internal imperfections of aluminium. Further requirements for the examination of welds are 
specified in Ch 13, 2.12 Non-destructive examination of steel welds. 


5.12.7 The acceptance criteria for other products, components, or base materials, are to be the same for film radiography 
(where applicable). 


5.12.8. A test report is to be issued for all examinations utilising RT-D methods. In addition to the general reporting 
requirements, as specified in Ch 1, 5.6 Non-destructive examination reports, reports for RT-D additionally record the following 
information, as applicable: 


a) System of marking used on the test item. Where the nature of the material and/or its service conditions do not permit 
permanent marking, the location may be recorded by means of accurate sketches or photographs. 


b) Radiation source, type and size of focal spot and identification of equipment used. 
) Detector, screens, filters (where applicable) and detector basic spatial resolution. 
d) Detector position plan, and source-to-detector distance. 
) Tube voltage and current, or source type and activity, as applicable. 
f) | Exposure duration. 
g) Type and position of image quality indicators (lQIs), including duplex wire IQlIs. 


h) Procedural requirements and achieved normalised signal-to-noise ratio (GNRN) for RT-S, or procedural requirements and 
achieved grey values and/or SNRN for RT-CR, as applicable. 
i) For RT-S: type and parameters such as gain, frame time, frame number, pixel size, calibration procedure. 
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() | For RT-CR: scanner type and parameters such as pixel size, scan speed, gain, laser intensity, laser spot size. 
(k) Image processing parameters used, e.g. of the digital filters. 

() Details of any software used, such as evaluation software, or defect simulation software (where applicable). 
(m) Details of any image magnification or image enhancing parameters within the evaluation software. 


5.13 Phased array ultrasonic testing (PAUT) 


5.13.1 PAUT may generally be used be used on any material, configuration, and thickness range, as applicable to ultrasonic 
testing, and within any limits as identified in the procedure and as per specific requirements in LR Rules. 


5.13.2 The following requirements are to be taken into consideration when using the PAUT method: 


(a) Depending on the complexity of the item under test and the access to surfaces, there may be a requirement for additional 
scans and/or complementary NDE techniques to ensure that full coverage of the item is achieved. 

(b) PAUT of welds is normally to include an ‘E’ scan (or linear scan) of the fusion face, together with other scans as defined in the 
specific test technique. Exceptions to this requirement concerning linear scans are given in Ch 7, 5.13 Phased array 
ultrasonic testing (PAUT) 5.13.3. (g) 

(c) The surface preparation for utilising the PAUT method is to satisfy the requirements for ultrasonic testing. In exceptional cases 
where there is a requirement to carry out PAUT through paint, the suitability and sensitivity of the test is to be confirmed 
through an appropriate transfer correction method defined in the procedure. In all cases, if transfer losses exceed 12 dB, the 
reason is to be considered and further preparation of the scanning surfaces is to be carried out, if applicable. If testing is 
done through paint, then the procedure is to be qualified on a painted surface. 

(d) PAUT method scanning will usually involve the use of AUT or SAUT scanning techniques and equipment. Where this is not 
possible (perhaps due to the configuration or complexity of the test item), or a specific requirement necessitates manually 
operated scanning, PAUT manual scanning is permitted on agreement with LR, and the reasons documented why AUT or 
SAUT cannot be utilised. In all cases, accurate identification of scans and reference to a datum point is required. 


5.13.3 All examinations utilising PAUT are to be undertaken using an approved procedure. In addition to the general procedural 
requirements, as specified in Ch 13, 2.12 Non-destructive examination of steel welds, procedures for PAUT shall conform to, and 
specify the following requirements (where applicable): 


(a) Technical requirements concerning PAUT are to be based on ISO 13588, ISO 18563-1, ISO 18568-2, ISO 18563-3, and ISO 
19285, and standards referenced therein, or other recognised standards acceptable to LR. 

(b) Any variation to applying the standards is to be agreed with LR. When an essential variable in Table 1.5.2 Specific 
requirements of a PAUT procedure changes from the specified value, or range of values, procedure shall require 
requalification. 

(c) When a nonessential variable in Table 1.5.2 Specific requirements of a PAUT procedure changes from the specified value, or 
range of values, requalification of the written procedure is not required 

(d) All changes of essential or nonessential variables from the value, or range of values, specified by the procedure are to require 
revision of, or an addendum to, the procedure. 

(e) The purpose of the testing and the volume to be inspected is to be defined in the testing procedure. 

(f) A scan plan is to be provided as part of the procedure, and is to show the beam coverage, probe locations, the weld 
thickness and the weld geometry. 

(g) For techniques involving amplitude-only based evaluation of indications, it is a requirement that an ‘E’ scan (or linear scan) is 
to be utilised to scan the fusion faces of welds, so that the sound beam is perpendicular to the fusion face + 5°. This 
requirement may be omitted if an ‘S’ (or sectorial) scan can be demonstrated to verify that discontinuities at the fusion face 
can be detected and sized, using the stated procedure. This demonstration is to utilise reference blocks containing suitable 
reflectors in location of the fusion zone. 

(h) A reference block shall be used to determine the adequacy of the testing (e.g. coverage, sensitivity setting). The design and 
manufacture of reference blocks is to be in accordance with ISO 13588 or recognised equivalent standards acceptable to 
LR. 

(i) — Indications detected when applying the testing procedure are usually to be evaluated by length and amplitude. Evaluation of 
indications by length and height are usually for project specific or ECA (Engineering Critical Assessment) requirements and 
shall be specially agreed with LR. 

(j) | Indication assessment and acceptance standard for steel welds is to be the same as for ultrasonic testing and is shown in 
Table 13.2.7 Acceptance criteria for ultrasonic and Phased Array testing, which is equivalent to ISO 19285 and ISO 11666 
level 3. Other acceptance criteria may be specially considered by LR upon request. 
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(k) The sizing techniques include reference levels, Time Corrected Gain (TCG), Distance Gain Size (DGS) and 6 dB drop. The 6 
dB drop method is only to be used for measuring the indications larger than the beam wicth. 

() | The procedure is to include the technical information (as applicable), shown in Table 1.5.2 Specific requirements of a PAUT 
procedure. 


Table 1.5.2 Specific requirements of a PAUT procedure 


Requirement Essential Variable Nonessential Variable 


Material types or weld configurations to be 
examined, including thickness dimensions and 
material product form (castings, forgings, pipe, 
plate, etc.) 


The surfaces from which the examination shall 
be performed 


Technique(s) (straight beam, angle beam, 
contact, and/or immersion) 


Angle(s) and mode(s) of wave propagation in 
the material 


Search unit type, frequency, element size and 
number, pitch and gap dimensions, and shape 


Focal range (identify plane, depth, or sound 
path) 


Virtual aperture size (i.e., number of elements, 
effective height! and element width) 


Focal laws for E-scan and S-scan (i.e. range of 
element numbers used, angular range used, 
element or angle increment change) 


Special search units, wedges, shoes, or 
saddles, when used 


Ultrasonic instrument(s) 


Calibration [calibration block(s) and 
echnique(s)] 


Directions and extent of scanning 


Scanning (manual or automatic) 


ethod for _ sizing indications and 
discriminating geometric from flaw indications 


Computer enhanced data acquisition, when 
used 


Scan overlap (decrease only) 


Personnel performance requirements (where 
required) 


Testing levels, acceptance levels and/or 
recording levels 


Personnel qualification requirements 


Surface condition (examination — surface, 
calibration block) 
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Couplant (brand name or type) 


Post-examination cleaning technique 


Automatic alarm and/or recording equipment, 
when applicable 


Records, including minimum calibration data 
to be recorded (e.g. instrument settings) 


Environmental and safety issues 


Note 7. Effective height is the distance from the outside edge of the first to last element used in the focal law. 


5.13.4 The acceptance criteria for other products, components, or base materials, is to be the same for ultrasonic testing 
(where applicable). 


5.13.5 A test report is to be issued for all examinations utilising PAUT. In addition to the general reporting requirements, as 
specified in Ch 7, 5.6 Non-destructive examination reports, reports for PAUT are to record the following information, as applicable: 


(a) Manufacturer, type, frequency of phased array probes including number and size of elements, material and angle(s) of 
wedges, with identification numbers, where applicable. 

(o) Details of reference block(s) with identification numbers, where applicable. 

(c) Type of couplant used. 

(d) Increment (E-scans), and/or angular increment (S-scans). 

(e) Element pitch and gap dimensions. 

(f) | Focus (calibration should be the same as scanning). 

g) Virtual aperture size, i.e. number of elements and element width. 

h) Element numbers used for focal laws. 

Manufacturer documentation on the permitted wedge angular range. 

Documented calibration, TCG and angle gain compensation. 

k) Scan plan. 

!) | Phased array images of at least those locations where relevant indications have been detected (printed on the report), and 
additionally, all images and data available in soft copy format. 

(m) Reference points and details of the coordinate system. 

(n) Details of any software used, including (but not limited to) scan plan set-up and component testing coverage (e.g. ray-tracing 
software), evaluation software, defect simulation software (where applicable). 


5.14 Time of Flight Diffraction (TOFD) 


5.14.1. TOFD may generally be used on any material, configuration, and thickness range, as applicable to ultrasonic testing, 
and within any limits as identified in the procedure and as per specific requirements in LR Rules. Generally, the TOFD method is 
more limited in its application than PAUT. 


5.14.2 — The following requirements are to be taken into consideration when using the TOFD method: 


(a) Depending on the complexity of the item under test and the access to surfaces, there may be a requirement for additional 
scans and/or complementary NDE techniques to ensure that full coverage of the item is achieved. 

(b) Due to the nature of the TOFD method, there is a possibility that the scan plan may reveal weld volume zones that will not 
receive full TOFD coverage (commonly known as dead zones, either in the lateral wave, back wall, or both). If the scan plan 
reveals that these dead zones are not adequately inspected, then further TOFD scans and/or complementary NDE methods 
are to be applied to ensure full inspection coverage. 

(c) The surface preparation for utilising the TOFD method is to satisfy the requirements for ultrasonic testing. In exceptional 
cases where there is a requirement to carry out TOFD through paint, the suitability and sensitivity of the test is to be 
confirmed through an appropriate transfer correction method defined in the procedure. In all cases, if transfer losses exceed 
12 dB, the reason is to be considered and further preparation of the scanning surfaces shall be carried out, if applicable. If 
testing is done through paint, then the procedure is to be qualified on a painted surface. 

(d) TOFD method scanning will usually involve the use of AUT or SAUT scanning techniques and equipment. Manual scanning is 
not usually appropriate to the TOFD method due to the nature of the equipment and scanning technique; however, it will be 
specially considered if demonstrated to be effective for specific applications. 
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5.14.3 All examinations utilising TOFD are to be undertaken using an approved procedure. In addition to the general procedural 
requirements, as specified in Ch 13, 2.12 Non-destructive examination of steel welds, procedures for TOFD are to conform to, and 
specify the following requirements (where applicable): 


a) Technical requirements concerning TOFD are to be based on ISO 10863 and ISO 15626, and standards referenced therein, 
or other recognised standards acceptable to LR (upon agreement). 

b) Any variation to applying the standards is to be agreed with LR. When an essential variable in Jable 1.5.3 Specific 
requirements of a TOFD procedure changes from the specified value, or range of values, procedure shall require 
requalification. 

c) When a nonessential variable in Table 1.5.3 Specific requirements of a TOFD procedure changes from the specified value, or 
range of values, requalification of the written procedure is not required. 

d) All changes of essential or nonessential variables from the value, or range of values, specified by the procedure are to require 
revision of, or an addendum to, the procedure. 

(e) The purpose of the testing and the volume to be inspected is to be defined in the testing procedure. 

(f) A-scan plan is to be provided as part of the procedure, and is to show the beam coverage, probe locations, the weld 
thickness and the weld geometry. 

(g) A reference block shall be used to determine the adequacy of the testing (e.g. coverage, sensitivity setting). The design and 
manufacture of reference blocks is to be in accordance with ISO 10863 or recognised equivalent standards acceptable to 
LR. 

(h) Indications detected when applying the testing procedure are usually to be evaluated by length and height. 

(i) Indication assessment and acceptance standard for welds is shown in Table 13.2.8 Acceptance criteria for TOFD testing1, 
which is equivalent to ISO 15626 level 2. Other acceptance criteria, including project specific or ECA (Engineering Critical 
Assessment) requirements are to be specially agreed with LR. 

(j) | The sizing of indications is to be as per the requirements of ISO 10868, or recognised equivalent standards acceptable to LR. 

(k) The procedure is to include the following technical information (as applicable), as shown in Table 1.5.3 Specific requirements 

of a TOFD procedure. 


Table 1.5.3 Specific requirements of a TOFD procedure 


Requirement Essential Variable Nonessential Variable 


Weld configurations to be examined, including 
thickness dimensions and material product 
form 


The surfaces from which the examination shall 
be performed 


Angle(s) of wave propagation in the material 


Search unit type(s), frequency (or frequencies), 
and element size(s)/shape(s) 


Special search units, wedges, shoes, or 
saddles, when used 


Ultrasonic instrument(s) and software(s) 


Calibration [calibration block(s) and 
technique(s)] 


Directions and extent of scanning 


Scanning method (including manual or 
automatic) 


Data sampling spacing (increase only) 


Method for sizing indications and 
discriminating geometric from flaw indications 
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Computer enhanced data acquisition, when 
used 


Scan overlap (decrease only) Xx 


Personnel performance requirements, when 
required 


Testing levels, acceptance levels and/or 
recording levels 


Personnel qualification requirements bet x 


Surface condition (examination surface, 
calibration block) 


Couplant (brand name or type) nt x 


Post-examination cleaning technique ‘as Xx 


Automatic alarm and/or recording equipment, 
when applicable 


Records, including minimum calibration data 
to be recorded (e.g. instrument settings) 


Environmental and safety issues vi Xx 


5.14.4 Generally, TOFD is not suitable or applicable to cast copper alloys, steel castings, or steel forgings. However, where it is 
used on steel and aluminium base materials, the acceptance criteria are to be the same for ultrasonic testing (where applicable). 


5.14.5 A test report is to be issued for all examinations utilising TOFD. In addition to the general reporting requirements, as 
specified in Ch 1, 5.6 Non-destructive examination reports, reports for TOFD are to record the following information, as applicable: 


a) Manufacturer, type, frequency, element size and beam angle(s) of probes, with identification numbers, where applicable. 
b) Details of reference block(s) with identification numbers, where applicable. 
) Type of couplant used. 
d) Details of TOFD setups. 
) Scan plan, and details of offset scans (if required). 
(f) | TOFD images of at least those locations where relevant TOFD indications have been detected (printed on the report), and 
additionally, all images and data available in soft copy format. 
(g) Reference points and details of the coordinate system. 


(h) Details of any software used, including (but not limited to) scan plan set-up and component testing coverage (e.g. ray-tracing 
software), evaluation software, defect simulation software (where applicable). 


5.15 ANDE method and procedure qualification 


5.15.1. All ANDE is to undergo a qualification and demonstration program to determine the suitability and the effectiveness of 
the proposed method, for the detection and sizing of discontinuities. The intent of this program is to determine the general 
capability of the ANDE methods, in demonstrating reasonable equivalence to the existing NDE methods. Project specific 
requirements may require a more extensive program than described herein. 


5.15.2 The extent of the qualification demonstration is dependent upon the method and the complexity of the testing regime, 
and the components under test. 


5.15.3 — The following documentation shall be submitted for review: 


(a) All technical documentation of the ANDE, including method procedure, history of previous method utilisation and qualification 
program (where applicable), probability of detection (PoD) capability (where applicable), agreed test samples and/or test 
blocks used for validation and comparators, and any other technical information to support the qualification programme, as 
requested by LR. 

(b) The operating methodology and detailed extent of utilisation, including all product forms, thickness, and weld configurations 
(as applicable). 

(c) Result of software simulation, where applicable. 
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5.15.4 — Software simulation may be required, where applicable, for PAUT or TOFD techniques. The simulation may include initial 
test set-up, scan plan, volume coverage, and result image of the artificial flaw. In some circumstances, artificial defect modelling/ 
simulation may be needed or required by the project, and to be agreed with LR. 


5.15.5 The procedure qualification test for ANDE methods is to include the following steps (as applicable): 


(a) Review of available performance data for the inspection system (detection capability and defect sizing accuracy). 

(b) Identification and evaluation of significant parameters, and their variability in determining accurate results. 

(c) Planning and execution of a repeatable and reliable test programme, which includes onsite demonstration, as per Ch 7, 5.15 
ANDE method and procedure qualification 5.15.6. 

(d) Documentation of results from the test program, to demonstrate the effective repeatability and reliability of the ANDE method. 

(e) The data from the repeatability and reliability test program is to be analysed with respect to the test samples or test blocks, 
as agreed as part of the qualification program, and is to be presented in a qualification program report. 

(f) |For PAUT and TOFD, the qualification block should generally satisfy the requirements of ASME V, Article 14, Mandatory 
Appendix Il (intermediate level). Other test blocks may be used upon agreement with LR. If accurate PoD or sizing error 
distributions need to be evaluated, then the high-level qualification blocks are to be used, as per ASME V, Article 14, 
Mandatory Appendix II. 

(g) For PAUT and TOFD, other test samples containing actual defects may also be used to determine method capability and 
accuracy, in addition to the qualification blocks. These are to be agreed as part of the initial documentation submission for the 
scope of the procedure qualification program. 

(h) The onsite demonstration process shall be witnessed by LR. 

(i) | The manufacturer is to issue a final report detailing the steps of the qualification program, including all technical details, and 
results of the ANDE methods with respect to the qualification blocks and test pieces. 


5.15.6 — An on-site demonstration of the ANDE capability shall be performed, and witnessed by LR, and is to include, where 
applicable: 


(a) Performance demonstration of the proposed ANDE method on the agreed test welds/test pieces/qualification blocks, as 
appropriate. 

(ob) For the agreed qualification program test welds, supplementary NDE is to be performed on an agreed proportion of these 
welds, for cross checking and comparison with proposed and supplementary methods. As an alternative to supplementary 
NDE cross-checking, other documented reference techniques may be applied for comparison with ANDE results, upon 
agreement with LR. 

(c) Data analysis is to be performed in accordance with the on-site demonstration activities. Where applicable and specially 
agreed, PoD and sizing accuracy is also to be established. 

(d) Where the results of inspection reviews do not conform to the approved procedure, the inspection is to be suspended, and 
additional qualification and demonstration is to be undertaken to account for any identified nonconformity. This may include 
additional procedure development and supporting technical information, as applicable. 

(e) In such cases where nonconformities are identified, LR may reject the results of ANDE activities until successful 
demonstration of the method is achieved, and method application is performed successfully. 

(f) LR may request a further cross-checking using other NDE methods, should any nonconformities arise either during the 
qualification program, or application of ANDE methods during normal testing activities. 


5.15.7 The procedure qualification shall be considered approved upon successful completion of documentation and report 
review, data analysis, and witness of on-site demonstration activities, as described in these Rules. 


wi Section 6 


References 
6.1 General 
6.1.1 The location of National and International Standards or Codes referenced in these Rules are shown in Jable 1.6.7 List of 


National and International Standards or Codes. The applicable National or International Standard or Code is the one adopted by 
the standards organization at the time of publication of these Rules unless the applicable version or edition is specified. 
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Table 1.6.1 List of National and International Standards or Codes 


Rule reference Standard 


Chapter 1 - General Requirements ISO 9001 
SNT-TC-1A 
ISO 9712 
ISO/IEC 17020 
ISO 11666 
ISO 17636-1 
ISO 17636-2 
ISO 17638 
ACCP 
ISO 13588 
ISO 18563-1 
ISO 18563-2 
ISO 18563-3 
SO 19285 
SO 10863 
SO 15626 

ASME V 
SO 23277 
SO 23278 
SO 23279 


SO 10675-1 


SO 17640 
SO 3452-1 


ASTM A991 


Chapter 2 — Testing Procedures for Metallic Materials SO 6892-1 


SO 6892-2 
ISO 185 
SO 2566-1 
ISO 148-1 
SO 7500-1 
SO 6506-1 
SO 6506-2 
SO 6506-3 
SO 6507-1 


SO 6507-2 


SO 6507-3 
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ISO 6508-1 


ASTM E23 


Chapter 3 - Rolled Steel Plates, Strio, Sections and Bars EN 10160 
ASTM A578-07 
ASTM E112 


ASTM E381-01 


ASTM A255 
SO 7452 
ASTM E208-06 
JWES2815 
ASTM E45 


EN 10164 


EN 10247 


ISO 6892-1 


Chapter 4 — Steel Castings ISO 1161 
ASTM A991 
ASTM E446 


ASTM E186 


ASTM E280 
ISO 4993 
EN 12680-1 
EN 12680-2 


EN 1371-1 


Chapter 5 — Steel Forgings ASTM E112 


ASTM A991 
ASTM A745/A745M 
EN 10228-4 
ANSI/ASNT CP 189 
ISO 9712 

Chapter 8 — Aluminium Alloys ASTM G66 


ASTM G67 


Chapter 9 —- Copper Alloys ASTM E272 


EN 1057: 2006 +A1 


Chapter 10 — Equipment for Mooring and Anchoring ISO 643 


ISO 1704 
ISO 1834 
BS 7160 


ASTM E112 
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ASTM E381-01 


ASTM A255 


Chapter 11 — Approval of Welding Consumables 


ISO 3690 
ISO 10042 


ASTM G48 


Chapter 12 — Welding Qualifications 


ISO 6947 
ISO 5817 
ISO 6520-1 
ISO 6507-1 
ISO 10042 
ASTM G48 
ISO 25239-3 
ISO 25239-4 
ISO 14732 


ISO 148-1 


Chapter 13 — Requirements for Welded Construction 


Chapter 14 — Plastics Materials 
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ISO 25239-3 
ISO 25239-4 
ISO 25239-5 
ISO 6520-1 
ISO 10042 
ISO 5817 
ISO 10675-2 
ISO 15626 
ISO 527-2 
ISO 178 
ISO 62 
ISO 75-2 
ISO 604 
ISO 527-4 
ISO 14125 
ISO 14130 
ISO 1172 
ISO 1922 
ASTM ©273/C273 
ASTM C393/C393 
ISO 845 
ASTM ©C297/C297M 


ISO 844 
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ISO 180 


ASTM D2583-13a 


BE EN 59 


ISO 175 


Lioyp's REGISTER 27 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, JULY 2022 


Contents Chapter 2 
CHAPTER 1 GENERAL REQUIREMENTS 
CHAPTER 2 TESTING PROCEDURES FOR METALLIC MATERIALS 


SECTION 1 GENERAL REQUIREMENTS FOR TESTING 


SECTION 2 TENSILE TESTS 


SECTION 3 IMPACT TESTS 


SECTION 4 DUCTILITY TESTS FOR PIPES AND TUBES 


SECTION 5 EMBRITTLEMENT TESTS 


SECTION 6 CRACK TIP OPENING DISPLACEMENT TESTS 


SECTION 7 BEND TESTS 


SECTION 8 HARDNESS TESTING 


SECTION 9 CORROSION TESTS 


CHAPTER 3 ROLLED STEEL PLATES, STRIP, SECTIONS AND BARS 
CHAPTER 4 STEEL CASTINGS 

CHAPTER 5 STEEL FORGINGS 

CHAPTER 6 STEEL PIPES AND TUBES 

CHAPTER a4 IRON CASTINGS 

CHAPTER 8 ALUMINIUM ALLOYS 

CHAPTER 9 COPPER ALLOYS 

CHAPTER 10 EQUIPMENT FOR MOORING AND ANCHORING 
CHAPTER 14 APPROVAL OF WELDING CONSUMABLES 

CHAPTER 12 WELDING QUALIFICATIONS 

CHAPTER 13 REQUIREMENTS FOR WELDED CONSTRUCTION 
CHAPTER 14 PLASTICS MATERIALS AND OTHER NON-METALLIC MATERIALS 
CHAPTER 15 CORROSION PREVENTION 


28 Lioyp's REGISTER 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, JULY 2022 


Testing Procedures for Metallic Materials Chapter 2 
Section 1 

Section 

1 General requirements for testing 

2 Tensile tests 

3 Impact tests 

4 Ductility tests for pipes and tubes 

5 Embrittlement tests 

6 Crack tip opening displacement tests 

7 Bend tests 

8 Hardness testing 

9 Corrosion tests 


a Section 1 
General requirements for testing 


1.1 Preparation of test specimens 


1.1.1 The requirements specified below detail all the tests that may be applied to metallic materials. The specific tests and the 
test specimen types required for each material type, grade and product type are detailed in the subsequent Chapter of these 
Rules. 


Tt2 Where test material is cut from products by shearing or flame cutting, a reasonable margin is required to allow sufficient 
material to be removed from the cut edges during machining of the test specimens. 


1.1.3 Test specimens are to be prepared in such a manner that they are not subjected to any significant work hardening, cold 
straining or heating during straightening or machining. 


+ 


1.1.4 Test samples are not to be removed from the material they represent until heat treatment is complete. For castings in 
cases where test samples are separately cast, the castings and samples are to be heat treated together. 


yey Ie) Dimensional tolerances are to comply with a relevant ISO specification. 


1.2 Testing machines 


1.2.1 All tests are to be carried out by competent personnel. Testing machines are to be maintained in a satisfactory and 
accurate condition and are to be recalibrated at approximately annual intervals. This calibration is to be carried out by nationally 
accredited organisations. Testing machine condition and calibration are to be to the satisfaction of the Surveyor. A record of all 
calibrations is to be kept available in the test house. 


1.2.2 Tensile testing machine load cells are to be calibrated with an accuracy of + one per cent in accordance with ISO 
7500-1 or another recognised National Standard. 


1.2.3 Impact tests are to be carried out on Charpy V-notch machines calibrated to ISO 148 or ASTM E23 dependent on the 
testing machine type. The testing machines are to be calibrated using either a direct or indirect method. Other National Standards 
equivalent to ISO 148 may be considered. 


1.2.4 Hardness testing machines, together with their associated measuring microscopes, are to be directly and indirectly 
calibrated to ISO 6506-2, 6507-2 or equivalent standards applicable to the type of hardness test. Other National Standards 
equivalent to ISO 6507-2 and 6506-2 standards may be considered. Routine hardness checks with standard hardness blocks 
calibrated to ISO 6506-3 or ISO 6507-3 or equivalent are to be carried out at a frequency which demonstrates calibration 
consistency. 
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1.3 Discarding of test specimens 

1.3.1 If a test specimen fails because of faulty preparation or incorrect operation of the testing machine it may be discarded 


and replaced by a new test specimen prepared from material adjacent to the original test. 


1.3.2 In addition to the discarding of test specimens as indicated in Ch 2, 1.3 Discarding of test specimens 1.3.7, a tensile 
test specimen may also be discarded when the specified minimum elongation is not obtained and the distance between the 
fracture and the nearest gauge mark is less than one-third of the gauge length. 


1.4 Re-testing procedures 


1.4.1 Where the result of any test, other than an impact test, does not comply with the requirements, two additional tests of 
the same type are to be made from the same test sample, or if sufficient material is not available, a further representative sample 
taken from the item under test. For acceptance of the material, satisfactory results are to be obtained from both of these additional 
tests. 


1.4.2 Where the result of any test taken from a weld procedure approval test, other than an impact test, does not comply with 
the requirements, two additional tests of the same type are to be made from the same weld test assembly. Where insufficient 
original welded assembly is available, a new assembly is to be prepared using the same conditions as the original test weld. For 
acceptance, satisfactory results are to be obtained from both of these additional tests. 


1.4.3 Where the result of any test taken from a welding consumable approval test, other than an impact test, does not comply 
with the requirements, two additional tests of the same type are to be made from the same weld test assembly. Where insufficient 
original welded assembly is available, a new assembly is to be prepared using welding consumables from the same batch. If the 
new assembly is made with the same procedure (particularly the same number of runs) as the original assembly, only the duplicate 
re-test specimens need be prepared and tested. For acceptance of a weld consumable batch, satisfactory results are to be 
obtained from both of these additional tests. 


1.4.4 Where the results from a set of three impact test specimens do not comply with the requirements, an additional set of 
three impact test specimens may be tested provided that, of the original set tested, not more than two individual values are less 
than the required average value and, of these, not more than one is less than 70 per cent of this average value. The results 
obtained are to be combined with the original results to form a new average which, for acceptance, is to be not less than the 
required average value. Additionally, for these combined results, not more than two individual values are to be less than the 
required average value and, of these, not more than one is to be less than 70 per cent of this average value. 


1.4.5 The additional tests detailed in Ch 2, 1.4 Re-testing procedures 1.4.1 and Ch 2, 1.4 Re-testing procedures 1.4.2 are, 
where possible, to be made on material adjacent to the original samples. For castings, where insufficient material remains in the 
original test samples, the additional test may be made on other test samples representative of the castings. See also Ch 2, 1.3 
Discarding of test specimens for discarding of test specimens. 


1.4.6 When unsatisfactory results are obtained from tests representative of a batch of material, the item or piece from which 
the tests were taken is to be rejected. The remainder of the material in the batch may be accepted provided that two further items 
or pieces are selected and tested with satisfactory results. If the tests from one or both or these additional items or pieces give 
unsatisfactory results, the batch is to be rejected. 


1.4.7 When a batch of material is rejected, the remaining items or pieces in the batch may be resubmitted individually for test, 
and those which give satisfactory results may be accepted. 


1.4.8 At the option of the manufacturer, rejected material may be resubmitted as another grade and may then be accepted, 
provided that the test results comply with the appropriate requirements. 


1.4.9 When material which is intended to be supplied in the ‘as-rolled’ or ‘hot-finished’ condition fails test, it may be suitably 
heat treated and resubmitted for test. Similarly, materials supplied in the heat treated condition may be reheat treated and 
resubmitted for test. Unless otherwise agreed by the Surveyor, such reheat treatment is to be limited to one repeat of the final heat 
treatment cycle. 
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re, Section 2 
Tensile tests 


2.1 Dimensions of test specimens 
2.1.1 Proportional test specimens with a gauge length L 9 of 5, 65/8, or 5d where S 4 is the cross-sectional area, d the 


diameter and L ¢ the parallel test length, have been adopted as the standard form of test specimen, and in subsequent Chapters 
in these Rules the minimum percentage elongation values are given for test specimens of these proportions. 


2.1.2 The gauge length is to be greater than 20 mm and may be rounded off to the nearest 5 mm provided that the difference 
between the adjusted gauge length and the calculated one is less than 10 per cent of the calculated gauge length. 


2.1.3 For forgings and castings (excluding those in grey cast iron) proportional test specimens of circular cross-section are to 
be machined to the dimensions shown in Figure 2.2.1 Test specimen dimensions for forgings and castings - |. 


R>10mm 


Lo = 70mm 


Le = approx. 77mm 


NOTE: For nodular cast iron and materials with a specified 
elongation less than 10%, R= 20 mm 


Figure 2.2.1 Test specimen dimensions for forgings and castings - | 


2.1.4 For hot rolled bars and similar products, the test specimens are to be as in Figure 2.2.1 Test specimen dimensions for 
forgings and castings - |, except that for small sizes they may consist of a suitable length of bar or other product tested in the full 
cross-section. 


2.1.5 As an alternative to Ch 2, 2.1 Dimensions of test specimens 2.1.3 and Ch 2, 2.1 Dimensions of test specimens 2.1.4, 
proportional or non-proportional test specimens of other dimensions may be used, subject to any requirements for minimum 
cross-sectional area given in subsequent Chapters of these Rules. Where the size of proportional test specimens is other than as 
shown in Figure 2.2.1 Test specimen dimensions for forgings and castings - |, the general dimensions are to conform with Figure 
2.2.2 Test specimen dimensions for forgings and castings - Il and aluminum alloys. 


L, =approx.L, +d 


NOTE | For nodular cast iron and materials with a specified 
elongation less that 10%, R, = 1,5d 


Figure 2.2.2 Test specimen dimensions for forgings and castings - Il and aluminum alloys 
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2.1.6 For plates, strip and sections, the test specimens are to be machined to the dimensions shown in Figure 2.2.3 Test 
specimen dimensions for plates, strip and sections - | and aluminum alloys or Figure 2.2.4 Test specimen dimensions for plates, 
strip and sections - II. Where the capacity of the available testing machine is insufficient to allow the use of a test specimen of full 
thickness, this may be reduced by machining one of the rolled surfaces. Alternatively, for materials over 40 mm thick, test 
specimens of circular cross-section machined to the dimensions shown in Figure 2.2.1 Test specimen dimensions for forgings and 
castings - | may be used. The axes of these test specimens are to be located at approximately one quarter of the thickness from 
one of the rolled surfaces as shown in Figure 3.1.2 Position of test material. 


a = thickness of material 


Figure 2.2.3 Test specimen dimensions for plates, strip and sections - | and aluminum alloys 


200 mm 


Approx. 212,5 mm 


a = thickness of material 


Figure 2.2.4 Test specimen dimensions for plates, strip and sections - Il 


2.1.7 As an alternative to Ch 2, 2.1 Dimensions of test specimens 2.1.6, test specimens with a width of other than 25 mm 
may be used subject to any requirements for minimum cross-sectional area given in subsequent Chapters of these Rules. A ratio 
of width/thickness of 8:1 should not be exceeded. 


2.1.8 For pipes and tubes, the test specimens may consist of a suitable length tested in full cross-section with the ends 
plugged. The gauge length is to be 5, 65/8, or 50 mm, and the length of the test specimen between the grips or plugs, whichever 


is the smaller, is to be not less than the gauge length plus D, where D is the external diameter. Alternatively, test specimens may be 
prepared from strips cut longitudinally and machined to the dimensions shown in Figure 2.2.5 Test specimen dimensions for pipes 
and tubes - | or Figure 2.2.6 Test specimen dimensions for pipes and tubes - II. The parallel test length is not to be flattened, but 
the enlarged ends may be flattened for gripping in the testing machine. The cross-sectional area of this type of test specimen is to 
be calculated from: 


Dd =ab 
where 
So = cross-sectional area 
a = average radial thickness 
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where 
b = average width 
Test specimens of circular cross-section may also be used provided that the wall thickness is sufficient to allow the machining of 


such specimens to the dimensions shown in Figure 2.2.1 Test specimen dimensions for forgings and castings - |, with their axes 
located at the mid-wall thickness. 


Approximately 


5,65 V/ S, +2b 


Figure 2.2.5 Test specimen dimensions for pipes and tubes - | 


b=12mmmin. R210mm 


eee 


Figure 2.2.6 Test specimen dimensions for pipes and tubes - Il 


2.1.9 For wire, the test specimen may consist of a suitable length tested in full cross-section. The gauge length is to be 
200 mm and the parallel test length 250 mm. 


2.1.10 For grey iron castings, the test specimens are to be machined to the dimensions shown in Figure 2.2.7 Test specimen 
dimensions for grey iron castings - | or Figure 2.2.8 Test specimen dimensions for grey iron castings - II. 
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R=225mm 


Figure 2.2.7 Test specimen dimensions for grey iron castings - | 


L, 2 25 mm (parallel) 


Figure 2.2.8 Test specimen dimensions for grey iron castings - Il 


2.1.11 For aluminium alloy plates and sections of thickness, a, less than or equal to 12,5 mm; the dimensions of rectangular 
cross-sectioned test specimens are to be as shown in Figure 2.2.3 Test specimen dimensions for plates, strip and sections - | and 
aluminum alloys. The rectangular cross-sectioned test specimen surfaces should remain as rolled/extruded. Where the thickness, 
a, is greater than 12,5 mm the test specimens are to be or round type as shown in Figure 2.2.2 Test specimen dimensions for 
forgings and castings - Il and aluminum alloys. 


2.1.12 Deposited weld metal tensile test specimens are to be machined to the dimensions shown in Figure 2.2.9 Test 
specimen for deposited weld metal tensile, and may be heated to a temperature not exceeding 250°C for a period not exceeding 
16 hours for hydrogen removal, prior to testing. 


34 Lioyp's REGISTER 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, JULY 2022 


Testing Procedures for Metallic Materials Chapter 2 


Section 2 


Gauge length 50 mm 
ee | 


R>10mm |~* 


; 
aoe 


To suit grips 
12 mm min 


10 mm 


Parallel length 55 mm 


Figure 2.2.9 Test specimen for deposited weld metal tensile 


2.1.13 Butt weld tensile test specimens are to be machined to the dimensions shown in Figure 2.2.10 Test specimen for butt 
weld. For thicknesses of more than 2 mm, the test width is to be 25 mm. For thicknesses less than 2 mm, the test width is to be 
reduced to 12 mm. The upper and lower surfaces of the weld are to be filed, ground or machined flush with the surface of the 
plate. 


Width to 
suit grips 


Parallel test length 
—>| = width of weld + 
60 mm 


Figure 2.2.10 Test specimen for butt weld 


2.1.14 Through thickness tensile test specimens may be, at the option of the steelmaker, either plain test specimens, or test 
specimens with welded extensions, in accordance with a Recognised Standard. 


The extension pieces are to be of steel with a tensile strength exceeding that of the plate to be tested and may be attached to the 
plate surfaces by manual, resistance or friction welding carried out in such a way as to ensure a minimal heat affected zone. 


2.1.15 Tolerances on tensile specimen dimensions are to be in accordance with ISO 6892-1 or another Recognised Standard 
as appropriate. 


2.2 Definition of yield stress for steel 


2.2.1 The yield phenomenon is not exhibited by all the steels detailed in these Rules but, except for austenitic and duplex 
stainless steels, the term ‘yield stress' is used throughout when requirements are specified for acceptance testing at ambient 
temperature. For the purposes of the Rules, the terms ‘yield stress’ and ‘yield strength’ are to be regarded as synonymous. 


2.2.2 Where reference is made to ‘yield stress’ in the requirements for carbon, carbon-manganese and alloy steel products 
and in the requirements for the approval of welding consumables, either the upper yield stress or, where this is not clearly 
exhibited, the 0,2 per cent proof stress or the 0,5 per cent proof stress under load is to be determined. In cases of dispute, the 0,2 
per cent proof stress is to be determined. 


2.2.3 For austenitic and duplex stainless steel products and welding consumables, both the 0,2 and the 1,0 per cent proof 
stresses are to be determined. 
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2.3 Procedure for testing at ambient temperature 

2.3.1 Except as provided in Ch 2, 2.3 Procedure for testing at ambient temperature 2.3.5, the elastic stress rate for the 


determination of the upper yield for steels and copper alloys is to be between 6 and 60 N/mm? per second and between 2 and 20 
N/mm? per second for aluminium. After reaching the yield or proof load, the straining rate may be increased to a maximum of 
0,008s ~' for the determination of the tensile strength. 


2.3.2 For steel, the upper yield stress is to be calculated from: 


(a) the value of stress measured at the commencement of plastic deformation, or 
(b) ona load/extension diagram using the value of stress measured at the first peak obtained during yielding even when the peak 
is equal to or less than any subsequent peaks observed during plastic deformation at yield. 


2.3.3 When a well defined yield point cannot be obtained, the 0,2 or 1,0 per cent proof stress (non-proportional elongation) is 
to be determined from an accurate load/extension diagram by drawing a line parallel to the straight elastic portion and a distance 
from it where the amount represents 0,2 or 1,0 per cent of the extensometer gauge length. The point of intersection of this line 
with the plastic portion of the diagram represents the proof load, from which the 0,2 or 1,0 per cent proof stress can be 
calculated. 


2.3.4 For stainless steels the 1,0 per cent proof stress and/or 0,2 per cent proof stress is specified as required by the relevant 
Chapters in these Rules. 


2.3.5 For the determination of the tensile strength of flake graphite cast iron, the stress rate is not to exceed 10 N/mm? per 
second. 


2.4 Equivalent elongations 
2.4.1 When a gauge length other than 5,65,/8, is used, the equivalent percentage elongation value is to be calculated using 
the following formula: 
Ae Ze 0,4 
arcs 
where 
AR = actual measured percentage elongation of test specimen 
So = actual cross-sectional area of test specimen 
L 4 = actual gauge length of test piece 
A= 


equivalent percentage elongation for a test specimen with a gauge length of 5, 65/8, 


2.4.2 Alternatively, where a number of test specimens of similar material and dimensions are involved, the actual percentage 
elongation values may be recorded, provided that the equivalent specified minimum elongation value appropriate for the test 
specimen dimensions is calculated from the formula in Ch 2, 2.4 Equivalent elongations 2.4.1 and is recorded on the test 
certificate. 


2.4.3 For proportional test specimens having a gauge length other than 5, 65/8, , the equivalent elongation may be calculated 


using the following factors (d is the diameter of the test specimen): 


Factor for equivalent elongation on 
Actual gauge length 
5 65,/5, 


4/5, x 0,870 
8, 16/5, x 1,158 
11,3/5, x 1,317 


Ad x 0,916 


8d x 1,207 
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2.4.4 For non-proportional test specimens with gauge lengths of 50 mm and 200 mm, the equivalent elongation values 
tabulated in ISO 2566 are to apply. 


2.4.5 The above conversions are reliable only for carbon, carbon-manganese and low alloy steels with a tensile strength not 
exceeding 700 N/mm? in the hot rolled, annealed, normalised, or normalised and tempered condition. 


2.4.6 For alloy steels in the quenched and tempered condition, the following conversions may be used for proportional test 
specimens with a gauge length of 4/S, : 


Actual percentage elongation on = Equivalent elongation on 5,65 


22 17 
20 15 
18 13 
17 12 
16 12 
15 14 
14 10 
12 8 
10 vi 
8 5 


2.4.7 Any proposals to use conversion factors for equivalent elongation values for the following materials are to be agreed 
with the Surveyors: 


(a) Carbon, carbon-manganese and alloy steels in the normalised or normalised and tempered condition with a tensile strength 
exceeding 700 N/mmé?. 

(b) Cold-worked steels. 

(c) Austenitic stainless steels. 

(d) Non-ferrous alloys. 


2.5 Procedure for testing at elevated temperatures 


2.5.1 Tensile testing at elevated temperatures is to be carried out according to ISO 6892-2 Method B or an equivalent 
National Standard. 


a Section 3 
Impact tests 


3.1 Dimensions of test specimens 


3.1.1 Impact tests are to be of the Charpy V-notch type. The test specimens are to be machined to the dimensions and 
tolerances given in Table 2.3.1 Dimensions and tolerances for Charpy V-notch impact test specimens and are to be carefully 
checked for dimensional accuracy. 


3.1.2 For material under 10 mm in thickness, the largest possible size of standard subsidiary Charpy V-notch test specimen is 
to be prepared with the notch cut on the narrow face. Generally, impact tests are not required when the thickness of the material is 
less than 6 mm. 

3.2 Testing procedures 


3.2.1 All impact tests are to be carried out on Charpy machines accepted by Lloyd's Register (hereinafter referred to as LR) in 
accordance with the requirements of Ch 2, 1.2 Testing machines 1.2.1 and having a striking energy of not less than 150 J. 
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Table 2.3.1 Dimensions and tolerances for Charpy V-notch impact test specimens 


Dimension Nominal Tolerance 


Length, in mm 55 +0,60 
Height, in mm, see Note 1 10 +0,075 
Width , in mm, see Note 1 

- standard specimen 


- standard subsidiary 
specimen 


- standard subsidiary 
specimen 


Angle of notch 

Height below notch, in mm 

Root radius, mm 

Distance of plane of symmetry of notch from ends of test piece, in mm, see 


Note 1 


Angle between plane of symmetry of notch and longitudinal axis of test piece 


Angle between adjacent longitudinal faces of test piece 


‘Widih 
-_— 


enn ee 


Note 1 The test piece is to have a surface roughness better than Ra 5 um except for the ends. 


Note 2 For machines with automatic positioning of the test piece the tolerance is to be taken as +0,165 
mm. 


3.2.2 Charpy V-notch impact tests may be carried out at ambient or lower temperatures in accordance with the specific 
requirements given in subsequent Chapters of these Rules. Where the test temperature is other than ambient, the temperature of 
the test specimen is to be controlled to within +2°C for sufficient time to ensure uniformity throughout the cross-section of the test 
specimen, and suitable precautions are to be taken to prevent any significant change in temperature during the actual test. In 
cases of dispute, ambient temperature is to be considered as 18°C to 25°C. 


3.2.3 For acceptance, the average energy value for a set of three impact tests must be equal to or greater than the 
appropriate specified minimum average value. Additionally, only one individual value may be less than the required average value 
but not less than 70 per cent of this average value. 


3.2.4 Where standard subsidiary Charpy V-notch test specimens are necessary, the minimum energy values required are to 
be reduced as follows: 


e¢ = Specimen 10 x 7,5 mm: 5/6 of tabulated energy. 
e = Specimen 10 x 5 mm: 2/3 of tabulated energy. 


3.2.5 When reporting results, the specimen dimensions and the units used for expressing the energy absorbed (Joules) and 
the testing temperature are to be clearly stated. 
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a Section 4 
Ductility tests for pipes and tubes 


4.1 Bend tests 


4.1.1 The test specimens are to be cut as circumferential strips of full wall thickness and with a width of not less than 40 mm. 
For thick walled pipes, the thickness of the test specimens may be reduced to 20 mm by machining. The edges of the specimens 
may be rounded to a radius of 1,6 mm. 


4.1.2 Testing is to be carried out at ambient temperature, and the specimens are to be doubled over a former whose diameter 
is to be in accordance with the specific requirements for the material. For suomerged arc welded tube the test piece is to be bent 
with the root of the weld in tension. For other tubes, the test piece is to be bent in the original direction of curvature. In all cases, 
the welds are to be in the middle of the test specimen. The test is considered to be satisfactory if, after bending, the specimens 
are free from cracks and laminations. Small cracks at the edges of the test specimens are to be disregarded. 


4.2 Flattening tests 


4.2.1 Ring test specimens are to be cut with the ends perpendicular to the axis of the pipe or tube. The length of the 
specimen is to be equal to 1,5 times the external diameter of the pipe or tube, but is to be not less than 10 mm or greater than 
100 mm. Alternatively, the length of the test specimen may be 40 mm irrespective of the external diameter. 


4.2.2 Testing is to be carried out at ambient temperature and is to consist of flattening the specimens in a direction 
perpendicular to the longitudinal axis of the pipe. Flattening is to be carried out between two plain parallel and rigid platens which 
extend over both the full length and the width after flattening of the test specimen. Flattening is to be continued until the distance 
between the platens, measured under load, is not greater than the value given by the formula: 


_td+0) 


t 
C+a 


H 


where 


H = distance between plates, in mm 


t = specified thickness of the pipe, in mm 


D = specified outside diameter, in mm 


C = aconstant dependent on the steel type and detailed in the specific requirements 


After flattening, the specimens are to be free from cracks or other flaws. Small cracks at the ends of the test specimens may be 
disregarded. 


4.2.3 For welded pipes or tubes, the weld is to be placed at 90° to the direction of flattening. 


4.3 Drift expanding tests 


4.3.1 The test specimens are to be cut with the ends perpendicular to the axis of the tube. The edges of the end to be tested 
may be rounded by filing. 


4.3.2 For metallic tubes, the length of the specimen is to be at least 1,5 times the external diameter of the tube except when a 
mandrel with an included angle of 30° is used, in which case the length of the specimen is to be twice the external diameter of the 
tube. In all cases the length of section remaining cylindrical after test is not be less than 0,5 times the external diameter. 


4.3.3 Testing is to be carried out at ambient temperature and is to consist of expanding the end of the tube symmetrically by 
means of a hardened conical steel mandrel having a total included angle of 30°, 45° or 60°, see Figure 2.4.1 Drift expanding test. 
The mandrel is to be forced into the test specimen at a rate not exceeding 50 mm/min until the percentage increase in the outside 
diameter of the end of the test specimen is not less than the value given in the specific requirements for boiler and superheater 
tubes, see Ch 6 Steel Pipes and Tubes. The mandrel is to be lubricated, but there is to be no rotation of the tube or mandrel 
during the test. The expanded portion of the tube is to be free from cracks or other flaws. 
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Figure 2.4.1 Drift expanding test 


4.4 Flanging tests 


4.4.1 The test specimens are to be cut with the ends perpendicular to the axis of the tube. The length of the specimens is to 
be at least equal to the external diameter of the tube and such that after testing the portion that remains cylindrical is not less than 
half the external diameter. The edges of the end to be tested may be rounded by filing. 


4.4.2 Testing is to be carried out at ambient temperature and is to consist of flanging the end of the tube symmetrically by 
means of hardened conical steel mandrels. The rate of flanging is not to exceed 50 mm/min. 


4.4.3 The first stage of flanging is to be carried out with a conical angled mandrel having an included angle of approximately 
90°, see Figure 2.4.2 Flanging test. The completion of the test is achieved with a second forming tool as shown in Figure 2.4.2 
Flanging test. The mandrels are to be lubricated and there is to be no rotation of the tube or mandrels during the test. The test is 
to continue until the drifted portion has formed a flange perpendicular to the axis of the test specimens. The percentage increase 
in the external diameter of the end of the specimens is to be not less than the value given in the specific requirements for boiler 
and superheater tubes, see Ch 6 Steel Pipes and Tubes. The cylindrical and flanged portion of the tube is to be free from cracks or 
other flaws. 
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(b) 


Figure 2.4.2 Flanging test 


4] Section 5 
Embrittlement tests 


5.1 Temper embrittlement tests 

5.1.1 The test material is to be heat treated in accordance with the specification except that after tempering: 

(a) half the material is to be water quenched; 

(b) the other half is to be cooled from the tempering temperature to 300°C at a rate not exceeding 10°C per minute. 


5.1.2 Impact tests in accordance with Ch 2, 3 Impact tests are to be made on the material in each condition at temperatures 
over a range wide enough to establish the upper and lower shelf energies and temperatures, tests being made at no less than 
three intermediate temperatures. 


5.1.3 A set of three specimens is to be tested at each temperature. The results are to be plotted separately for each 
condition, in the form illustrated in Figure 2.5.1 Idealized transition curve. |In addition, the test temperatures, proportions of 
crystallinity and absorbed energies for all the specimens tested are to be reported. 


5.1.4 The transition temperature for each condition is to be taken as the mid-temperature of the fracture transition zone. The 
difference between the two transition temperatures is to be reported. 
5.2 Strain age embrittlement tests 


5.2.1 The test material is to be heat treated in accordance with the specification and then subjected to five per cent strain. 
The test material is then to be heated to 250°C and held for one hour. 


5.2.2 Impact tests in accordance with Ch 2, 5.1 Temper embrittlement tests 5.1.2 are to be made in both the strain aged and 
unstrained conditions. 
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| | 
Brittle zone Fracture transition Ductile zone 
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Figure 2.5.1 Idealized transition curve 


5.2.3 The tests are to comply with Ch 2, 5.7 Temper embrittlement tests 5.17.3. 
5.2.4 The test results are treated in accordance with Ch 2, 5.1 Temper embrittlement tests 5.1.4. 


5.3 Hydrogen embrittlement tests 


5.3.1 Two specimens are to be tested. The specimens are to be of a diameter of 20 mm. Where this is not practicable a 
diameter of 14 mm may be accepted. 


5.3.2 One specimen is to be tested within a maximum of 3 hours after machining. Where the specimen diameter is 14 mm, 
the time limit is 1,5 hours. Alternatively, the specimen may be cooled to -60°C immediately after machining and kept at that 
temperature for a maximum period of 5 days before being tested. 


5.3.3 The other specimen is to be tested after baking at 250°C for 4 hours. Where the specimen diameter is 14 mm the 
baking time is to be 2 hours. 


5.3.4 A strain rate not exceeding 0,0003s ~1 is to be used during the entire test, until fracture occurs. 
5.3.5 Tensile strength, elongation and reduction of area are to be reported. 


5.3.6 The ratio Z 4/Z 2 is to be reported, where Z ; is the reduction in area without baking and Z » the reduction in area after 
baking. 
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a Section 6 
Crack tip opening displacement tests 


6.1 Dimensions of test specimens 


6.1.1 Unless agreed otherwise, tests are to be made on specimens of the full section thickness and which conform to a 
nationally agreed standard. 


6.1.2 Normally the specimens are to be rectangular with the main dimensions as indicated in Figure 2.6.1 Outline dimensions 
of the preferred specimen and are to be tested in three point bending. 


6.1.3 A subsidiary specimen as in Figure 2.6.2 Outline dimensions of the subsidiary specimen may be used by agreement. 


6.1.4 In each case the notch is to be positioned at the centre of the loading span; its root radius is not to exceed 0,10 mm. 
The notch is to be extended by the generation of a fatigue crack to give an effective crack length of the dimension a. For this 
purpose, the fatigue stress ratio, R 1, is to be within the range O to 0,1 and the fatigue intensity is not to exceed 0,630, B % where 
Gy is the 0,2 per cent proof stress at the test temperature. 


| 2, 1Wmin. | 2, 1Wmin. | 


B = thickness 
W= width 2B 
a = effective crack length 0,45W to 0,55W 


L =loadingspan = 4W 


Figure 2.6.1 Outline dimensions of the preferred specimen 
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| 2, 3W min. | 2, 3W min. | 


B = thickness 
W= width =B 


a = effective crack length (to be agreed between the purchaser 
and manufacturer) 


L =loadingspan =4W 


Figure 2.6.2 Outline dimensions of the subsidiary specimen 


6.2 Test equipment 

6.2.1 Whenever possible, tests are to be made using machines operating under displacement control. The type of control is 
to be recorded. 

6.2.2 The test equipment is to be calibrated annually. 


6.2.3 The crack opening displacement gauge is to have an accuracy of at least one per cent. It is to be calibrated at least 
once every day of testing and at intervals of no more than 10 tests. It should be demonstrated that the calibration is satisfactory for 
the test conditions. 


6.3 Testing procedures 


6.3.1 Tests are to be made in a recognised test house in accordance with a nationally accepted standard. 


6.3.2 Unless otherwise agreed, all tests on unwelded wrought material are to be made on specimens taken transverse to the 
principal working direction and are to be through thickness notched. 


6.3.3 Where tests are made on weld material, the fatigue crack should be arranged to sample the maximum amount of 
unrefined weld metal. 


6.3.4 Where tests are made on the Heat Affected Zone (H.A.Z.) of a weld, a K or single bevel weld preparation is 
recommended. The region of lowest fracture toughness in the Heat Affected Zone should be identified for the particular steel and 
weld procedure by means of preliminary tests. The fatigue crack is to be accurately positioned to sample as high a proportion of 
this critical region as possible and after testing has been completed, the specimen is to be sectioned to check that this has been 
achieved. Sufficient tests should be made to ensure that the critical region has been sampled in at least three specimens. 


6.3.5 At least three valid tests are to be made for each material condition. Invalid tests are to be disregarded and the tests 
repeated. 


6.3.6 Local pre-compression of the test specimen ahead of the notch is acceptable in order to provide an acceptably even 
fatigue crack front. 
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6.3.7 The temperature of the test piece is to be measured to within +2°C over the range minus 196°C to +200°C and to 
within +5°C outside this range. The temperature should be measured at a point on the specimen not farther than 2 mm away from 
the crack tip. 


6.4 Validity requirements 

6.4.1 The test is to be regarded as invalid if: 

the fatigue crack front is not in a single plane; 

) any part of the fatigue crack surface lies in a plane whose angle with the plane of the notch exceeds 10°; 
the length of any part of the fatigue crack is less than 0,025W or 1,25 mm, whichever is the greater; 


a 

b 

Cc 

d) the difference between the maximum and minimum lengths of the fatigue crack exceeds 0,1W; 

e) the difference between any two of the lengths of the fatigue crack at 0,25B, 0,5B and 0,75B exceeds 0,05W. 
6 


4.2 In addition, for tests on welds and Heat Affected Zones (H.A.Z.), the following criteria are to be complied with: 


a) Weld metal. The fatigue crack front shall not extend outside the weld metal deposit and 80 per cent should be within 2 mm of 
the fusion line. 
(b) Grain coarsened H.A.Z.. The fatigue crack should be within 0,5 mm of the fusion line and should sample all of the grain 
coarsened H.A.Z. present. However, if fusion line irregularities prevent this, a sample including as much grain coarsened 
H.A.Z. as possible may be accepted. 
(c) Subcritical/intercritical H.A.Z. boundary. The fatigue crack is to sample the boundary between the subcritical and intercritical 
regions of the H.A.Z. However, if fusion line irregularities prevent this, a sample including as much relevant microstructure as 
possible may be accepted. 


6.5 Test reports 
6.5.1 The test report is to include: 


a) details of the material, its condition and size; 
b) the thickness and width of the test specimen; 
) the fatigue pre-cracking conditions; 
d) the test temperature and environment; 
) the test machine control system and rate of change of displacement or load; 
f) crack length measurements; 
g) force/displacement records, preferably in the form of an autographic record; 
h) _ the critical crack opening displacement; 
a photograph of the fracture; 
any observation on the fracture surface. 


|_| Section 7 


Bend tests 
7.1 Dimensions of test specimens 
7.AA Flat bend test specimens are to be of rectangular cross-section with dimensions as defined in Figure 2.7.1 Bend test 


specimen. 
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os 


ry 
(11a) or (9a + D) i 


1-2 mm 


Figure 2.7.1 Bend test specimen 


7.1.2 For plates, sections and strip the dimensions shall be full thickness and width 30 mm. Where the rolled thickness 
exceeds 25 mm the compression face may be reduced to 25 mm. 


7.1.3 For forgings, castings and semi-finished products the thickness shall be 20 mm and width 25 mm. 


7.1.4 Butt weld face and root bend test specimens are to be 30 mm in width and of the full plate thickness. Where the 
thickness exceeds 12mm, two side bend test specimens may be tested in place of the face and root specimens specified. The 
side bend specimens should be 10 mm minimum thickness. The upper and lower surfaces of the weld are to be filed, ground or 
machined flush with the surface of the plate. 


7.1.5 The edges on the tension side of bend samples are to be rounded to a radius of 1 to 2 mm. 


7.2 Testing procedures 
7.2.1 The bend sample is plastically deformed by plunging a mandrel between two fixed points as shown in Figure 2.7.2 Bend 
test. 


thickness of bend sample 
radius of roller 
outside diameter of former 


Figure 2.7.2 Bend test 


7.2.2 For aluminium welds a guided bend is required to ensure even deformation as shown in Figure 2.7.3 Guide bend test for 
aluminium. 
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Vida 


a = plate tickness 


a os 
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Figure 2.7.3 Guide bend test for aluminium 


7.2.3 Bend tests are to be conducted at ambient temperature at the highest convenient rate of bending (but not impact). 


a Section 8 
Hardness testing 


8.1 Dimensions of test specimens 


8.1.1 Test pieces must be held rigidly in relation to the indenter and located such that the surface to be tested is at right 
angles to the axis of the indenter. 


8.1.2 The surface finish of the test piece is to be such as to be able to measure the indent accurately. 


8.2 Testing procedure 


8.2.1 Hardness testing is to be carried out according to ISO 6506-1, ISO 6507-1 or equivalent for the type of hardness test. 


ea Section 9 
Corrosion tests 


9.1 Intergranular corrosion test 


9.1.1 For all products other than pipes, the material for the test specimens is to be taken adjacent to that for the tensile test 
and is to be machined to suitable dimensions for either a round or rectangular section bend test. The diameter or thickness is to 
be not more than 12 mm, and the total surface area is to be between 1500 mm? and 3500 mm2. 


9.1.2 For pipes with an outside diameter not exceeding 40 mm, the test specimens are to consist of a full cross-section. For 
larger pipes, the test specimens are to be cut as circumferential strips of full wall thickness and having a width of not less than 
12,5 mm. In both cases the total surface area is to be between 1500 mm? and 3500 mm?. 
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9.1.3 Specimens are to be heated to a temperature of 700 + 10 °C for 30 minutes, followed by rapid cooling in water. They 
are then to be placed on a bed of copper turnings (50 g per litre of test solution) and immersed for 15 to 24 hours in a boiling 
solution of the following composition: 


° 100 g of hydrated copper sulphate granules (CUSO4. 5H»O) 
° 184 g (100 ml) sulphuric acid (density 1,84 g/ml) added dropwise to distilled water to make 1 litre of solution. 


Precautions are to be taken during boiling to prevent concentration of the solution by evaporation. 


9.1.4 After immersion, the full cross-section test specimens from pipes are to be subjected to a flattening test in accordance 
with Ch 2, 4.2 Flattening tests. All other test specimens are to be bent, at ambient temperature, through 90° over a former with a 
diameter equal to twice the diameter or thickness of the test specimen. 


9.1.5 After flattening or bending, the test specimens are to be free from cracks on the outer, convex surface. 


9.2 Pitting corrosion test 


9.2.1 The material for the test specimens is to be taken adjacent to that for the tensile test and is to be machined to a round 
or rectangular test piece of thickness approximately 6 mm with total surface area between 1500 mm? and 3500 mm?. Any 
deformed material at the edges is to be removed. 


9.2.2 All surfaces of the specimen are to be polished to a uniform finish using 120 grit abrasive paper. Sharp edges are to be 
removed and, after polishing, the specimen should be thoroughly washed and dried. 


9.2.3 The dimensions of the surface are to be measured in order to calculate the exposed area. 
9.2.4 The specimen is to be weighed to an accuracy of 0,001g or greater. 


9.2.5 For the corrosive media 100g of reagent grade ferric chloride, FeClg.6H2O, is dissolved in 900ml of de-ionised water 
and filtered to remove insoluble particles. 


9.2.6 At least 250ml of ferric chloride solution is to be added to a glass test container. The container is to be placed in a water 
bath and allowed to reach the required test temperature. The bath temperature shall be monitored and recorded in order to ensure 
that the temperature is satisfactorily maintained throughout the test. Once the test temperature has been achieved, the test piece 
is to be placed in a glass cradle and lowered into the solution. 


9.2.7 A glass cover is to be placed over the vessel to allow the test piece to remain undisturbed throughout the duration of 
the test. The standard duration of the test is 72 hours. 


9.2.8 At the end of the test, the specimen is to be removed from the solution. It shall be rinsed with water, scrubbed with a 
nylon bristle brush under running water to remove corrosion products, and then dried. 


9.2.9 The surface of the specimen is to be thoroughly inspected to a magnification of x20 and the specimen is weighed to an 
accuracy of 0,001 g or better. 


9.2.10 The results obtained shall be recorded and these shall include the weight loss expressed as g/m? and a description of 
the surface appearance, noting any evidence of pitting corrosion. 


9.2.11 Unless otherwise agreed, the acceptance criteria for the test are that there shall be no evidence of pitting at x20 
magnification and that the maximum weight loss shall be 0,8 g/m. 
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Section 
1 General requirements 
2 Normal strength steels for ship and other structural applications 
3 Higher strength steels for ship and other structural applications 
4 Steels for boilers and pressure vessels 
5 Steels for machinery fabrications 
6 Carbon-manganese and nickel alloy steels for low temperature service 
7 Austenitic and duplex stainless steels 
8 Plates with specified through thickness properties 
9 Bars for welded chain cables 
10 High strength steels for welded structures 
11 High strength steel for special marine applications 
a Section 1 
General requirements 
1.1 Scope 
1.4.1 This Section gives the general requirements for hot rolled plates and sections intended for use in the construction of 


ships, other marine structures, machinery, boilers and pressure vessels. 


1.1.2 This Chapter is not applicable to hot rolled bars intended for the manufacture of bolts, plain shafts, etc. by machining 
operations only. Where used for this purpose, hot rolled bars are to comply with the requirements of Ch 5 Steel Forgings. 


1.1.3 Plate and strip which is hot coiled after rolling and subsequently uncoiled, cold flattened and cut to the required 
dimensions are also subject to the appropriate requirements of this Chapter. 


1.1.4 Plates, strip, sections and bars are to be manufactured and tested in accordance with the requirements of Ch 71 General 
Requirements and Ch 2 Testing Procedures for Metallic Materials, the general requirements of this Section and the appropriate 
specific requirements given in Sections Ch 3, 2 Normal strength steels for ship and other structural applications to Ch 3, 10 High 
strength steels for welded structures. Steels differing from the requirements of these Sections in respect of chemical composition, 
deoxidation practice, condition of supply or mechanical properties may be accepted subject to special approval by LR. Such 
steels are to be given a special designation, see Ch 3, 1.12 Identification of materials. 


1.1.5 As an alternative to Ch 3, 1.1 Scope 1.1.4, materials which comply with National or proprietary specifications may be 
accepted, provided that these specifications give equivalence to the requirements of this Chapter or are approved for a specific 
application. Particular attention is to be taken of the minimum required under thickness tolerance, see Ch 3, 7.7 Dimensional 
tolerances. Generally, survey and certification of such materials are to be carried out in accordance with the requirements of Ch 7 
General Requirements. 


1.1.6 Steels intended for high heat input welding above 50 kJ/cm are to be specially approved. Approval will be indicated on 
the manufacturer’s approval certificate by adding a high heat input welding notation to the grade approved e.g. EH36-W300, 
indicating approval up to 300 kJ/cm. 


1.2 Steel with guaranteed through thickness properties — 'Z' grade steel 


1.2.1 When plate material, intended for welded construction, will be subject to significant strains in a direction perpendicular 
to the rolled surfaces, it is recommended that consideration be given to the use of special plate material with specified through 
thickness properties, 'Z' grade steel. These strains are usually associated with thermal contraction and restraint during welding, 
particularly for full penetration 'T'-butt welds, but may also be associated with loads applied in service or during construction. 
Where these strains are of sufficient magnitude, lamellar tearing may occur. Requirements for 'Z' grade plate material are detailed 
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in Ch 3, 8 Plates with specified through thickness properties. It is the responsibility of the fabricator to make provision for the use 
of this material. 


1.2.2 Steels intended to have guaranteed through thickness properties will include the supplementary suffix Z25 or Z35 in the 
designation, for example: LR DH36 235. 


1.3 Corrosion resistant steels for cargo oil tanks of crude oil tankers 


1.3.1 This sub-Section refers to normal and higher strength steels that have approved enhanced corrosion resistance 
properties intended for application in the internal cargo oil tanks of crude oil tankers. 


1.3.2 The additional approval procedures for these steels include specific corrosion tests, see Ch 7, 2.2 LR Approval — 
General and Ch 15, 3 Corrosion Resistant Steels . 


1.3.3 Normal and higher strength corrosion resistant steels are to be manufactured, tested and certified in accordance with 
the applicable requirements detailed in this section, and those of Ch 3, 2 Normal strength steels for ship and other structural 
applications or Ch 3, 3 Higher strength steels for ship and other structural applications , as applicable, and the requirements 
detailed in Ch 15, 3 Corrosion Resistant Steels . 


1.3.4 Corrosion resistant steels for cargo oil tanks are primarily intended to apply to steel plates, wide flats and sections up to 
50 mm thick and to bars up to 50 mm in diameter. 


1345: Corrosion resistant steels for cargo oil tanks are to be identified with one of the following supplementary suffixes, RCU, 
RCB or RCW in the designation, for example, LR DH386 RCB. These suffixes relate to the area of the tank for which approval 
testing has been obtained: 


(a) RCU, for the lower surface of strength deck and surrounding structures, defined as the deckhead with complete internal 
structure, including brackets connecting to longitudinal and transverse bulkheads. In addition: 


(i) — In tanks with ring frame girder construction the underdeck transverse framing is to be protected down to level of the first 
tripping bracket below the upper faceplate; 
(ii) | Longitudinal and transverse bulkheads are to be protected to the uppermost means of access level. The uppermost 
means of access and its supporting brackets are to be fully protected. 
(iii) On cargo tank bulkheads without an uppermost means of access the protection is to extend to 10 per cent of the 
tank’s height at centreline but need not extend more than 3 m down from the deck. 
(b) RCB, for the upper surface of inner bottom plating and surrounding structures, defined as the flat inner bottom and all 
structure to a height of 0,3 m above inner bottom, is to be protected; 
(c) RCW, for both strength deck and inner bottom plating. 


1.3.6 Corrosion resistant steels are not to be used in applications other than those specified in Ch 3, 1.3 Corrosion resistant 
steels for cargo oil tanks of crude oil tankers 1.3.1. 


1.3.7 The weldability of corrosion resistant steels is similar to conventional normal and higher strength steels. Therefore the 
welding requirements specified in Ch 11 Approval of Welding Consumables to Ch 13 Requirements for Welded Construction are 
to be adhered with the exception that each corrosion resistant steel is approved with a specified brand of welding consumable 
and associated welding process. 


1.3.8 Each manufacturer’s approval certificate for corrosion resistant steels will state the steel grade and area of application 
designation, specified chemical composition range including additive and/or controlling element percentages to improve corrosion 
resistance, and brand of welding consumables and welding process used for approval. 


1.4 Manufacture 


1.4.1 All materials are to be manufactured at works which have been approved by Lloyd's Register for the type and grade of 
steel which is being supplied and for the relevant steel-making and processing route. 


1.4.2 Steel is to be cast in metal ingot moulds or by the continuous casting process. The size of the ingot, billet or slab is to 
be proportional to the dimensions of the final product such that the reduction ratio is normally to be at least 3 to 1. Sufficient 
discard is to be taken to ensure soundness in the portion used for further processing. 


1.4.3 The cast analysis to be used for certification purposes is to be determined after all alloying additions have been carried 
out and sufficient time allowed for such an addition to homogenise. 


1.4.4 Material may be supplied either as-rolled, normalised, normalising rolled, or thermomechanically controlled rolled. The 
following definitions apply: 
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(a) As-rolled (AR) refers to steel being cooled as it is rolled with no further heat treatment. The rolling and finishing temperatures 
are typically in the austenite recrystallisation region and above the normalising temperature. The strength and toughness 
properties of steel produced by this process are generally less than those of steel heat treated after rolling or steel produced 
by advanced processes. 

(6) Normalising (N) refers to an additional heating cycle of rolled steel above the critical temperature, Ac3, and in the lower end of 
the austenite recrystallisation region for a specific period of time, followed by air cooling. The process improves the 
mechanical properties of as-rolled steel by refining the grain size and homogenising the microstructure. 

(c) Normalising rolling (NR), also known as controlled rolling, is a rolling procedure in which the final deformation is carried out in 
the normalising temperature range, and subsequently cooled in air, resulting in a material condition generally equivalent to 
that obtained by normalising. 

(d) Thermomechanically controlled rolling (TM) is a procedure which involves the strict control of both the steel temperature and 
the rolling reduction. Generally a high proportion of the rolling reduction is carried out close to the A;3 temperature and may 
involve the rolling in the dual phase temperature region. Unlike normalising rolling the properties conferred by TM (TMCP) 
cannot be reproduced by subsequent normalising or other heat treatment. The use of accelerated cooling on completion of 
TM may also be accepted subject to the special approval by LR. 

(e) Accelerated Cooling, (AcC) is a process which aims to improve mechanical properties by controlled cooling with rates higher 
than air cooling immediately after the final TM operation. Direct quenching is excluded from accelerated cooling. The material 
properties conferred by TM and AcC cannot be reproduced by subsequent normalising or other austenitising heat treatment. 

(f) | Quenching and Tempering (QT) is a heat treatment process in which steel is heated to an appropriate temperature above the 
Acg3, held for a specific period of time, and then cooled with an appropriate coolant for the purpose of hardening the 
microstructure, followed by tempering, a process in which the steel is re-heated to an appropriate temperature, not higher 
than the A,;, maintained at that temperature for a specific period of time to restore the toughness properties by improving the 
microstructure and reducing the residual stresses resulting from the quenching process. 


1.4.5 Where material is being produced by a normalising rolling or a thermomechanically controlled process (T.M.) an 
additional program of tests for approval is to be carried out under the supervision of the Surveyors and the results are to be to the 
satisfaction of LR. 


1.4.6 Weldable high strength steels may be supplied in the quenched and tempered condition for other marine structures, see 
Ch 3, 10 High strength steels for welded structures. 


1.5 Surface quality of materials 


1.5.1 The steel is to be free from surface defects prejudicial to the use of the material for the intended application. The finished 
material is to have a surface quality in accordance with a recognised standard such as EN 10168 parts 1, 2 and 3 or an equivalent 
standard accepted by LR, unless otherwise specified in this Section. 


1.5.2 The responsibility for meeting the surface finish requirements rests with the manufacturer of the material, who is to take 
the necessary manufacturing precautions and is to inspect the products prior to delivery. If, during the subsequent processing 
operations, surface quality of the material is found to be defective, the materials shall be repaired or rejected. 


1.5.3 For hot rolled plates, wide flats and sections, the surface quality inspection method shall be in accordance with 
recognised National or International Standards as agreed between the purchaser and the manufacturer, and accepted by LR. The 
surface inspection acceptance criteria are to comply with the following: 


(a) Imperfections 


Imperfections of a harmless nature, for example pitting, rolled-in scale, indentations, roll marks, scratches and grooves, 
regarded as being inherent in the manufacturing process, are permissible, provided the maximum permissible limits of Class 
A of EN 10168-2 or limits specified in a recognised equivalent standard accepted by LR, are not exceeded and the remaining 
plate or wide flat thickness remains within the average allowable minus thickness tolerance specified in Ch 3, 1.7 Dimensional 
tolerances. The surface area exhibiting the imperfections is not to exceed 15 per cent of the total subject area. 

(bo) Defects 


Affected areas with imperfections with a depth exceeding the limits of Class A of EN 10163-2 or the maximum permissible 
limits specified in a recognised equivalent standard accepted by LR, shall be repaired. Cracks, injurious surface flaws, shells 
(overlapping material with non-metallic inclusion), sand patches, laminations and sharp edged seams (elongated defects) 
visually evident on surface and/or edge of plate are considered defects which would impair the end use of the product and 
which require rejection or repair. 


1.5.4 If agreed by the manufacturer and purchaser, steel can be ordered with higher standards of required surface finish than 
those shown in Ch 3, 7.5 Surface quality of materials 1.5.3. 
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1:5:5 The examination and acceptance standard of surface quality and condition requirement of sections, bars and tubulars is 
to be agreed between the purchaser and the steel maker, and accepted by LR. It then has to be included in the manufacturing 
specification. 


1.6 Internal soundness 


1.6.1 The steel is to be free from segregations and non-metallic inclusions prejudicial to the use of the material for the 
intended application. 


1.6.2 Verification of internal soundness is the responsibility of the manufacturer. The acceptance of internal soundness by the 
LR Surveyor shall not absolve the manufacturer from this responsibility. 


1.7 Dimensional tolerances 
ay cea The tolerances on thickness of a given product are defined as: 


(a) Minus tolerance is the lower limit of the acceptable range below the nominal thickness. 
(bo) Plus tolerance is the upper limit of the acceptable range above the nominal thickness. 


Nominal thickness is defined by the purchaser at the time of enquiry and order. 


1.7.2 The average thickness of a product or products is defined as the arithmetic mean of the measurements made in 
accordance with the requirements in Ch 3, 1.7 Dimensional tolerances 1.7.13. 


1.7.3 For materials of nominal thickness 5 mm and more intended for hull structural purposes as detailed in Ch 3, 2 Normal 
strength steels for ship and other structural applications, Ch 3, 3 Higher strength steels for ship and other structural applications 
and Ch 3, 10 High strength steels for welded structures, the minus tolerance on thickness of plates, strip and wide flats, where the 
width is greater than or equal to GOO mm, is 0,3 mm, irrespective of nominal thickness. The average thickness of a product or 
products is not to be less than the nominal thickness. Plus tolerance is to be in accordance with a National or International 
Standard unless agreed otherwise by LR and the purchaser. 


1.7.4 Class C of ISO 7452 or equivalent National or International Standards may be applied in lieu of Ch 3, 1.7 Dimensional 
tolerances 1.7.3. Where this standard is applied, the steel mill is to ensure that the number of measurements and measurement 
distribution is appropriate to establish that the plates produced are greater than or equal to the specified nominal thickness. 


1.7.5 For materials of nominal thickness below 5 mm intended for hull structural purposes as detailed in Ch 3, 2 Normal 
strength steels for ship and other structural applications, Ch 3, 3 Higher strength steels for ship and other structural applications 
and Ch 3, 10 High strength steels for welded structures, the minus tolerances on thickness of plates, strio and wide flats, where 
the width is greater than or equal to GOO mm, is 0,3 mm. The plus tolerance is to be in accordance with Class B of ISO 7452 or an 
equivalent National or International Standard. 


1.7.6 The minus tolerance on bars and sections (except for wide flats with a width > 600 mm) is to be in accordance with the 
requirements of a recognised National or International Standard. 

1.7.7 The Shipbuilder and Owner may agree in individual cases whether they wish to specify a more stringent minus tolerance 
than that given in this Chapter. 

1.7.8 The dimensional tolerances for the products intended for the construction of lifting appliances are to be agreed with LR. 
1.7.9 The minus tolerances for plates and wide flats intended for machinery structures are given in Ch 3, 5 Steels for 


machinery fabrications. 


1.7.10 | For materials intended for applications as detailed in Ch 3, 4 Steels for boilers and pressure vessels and Ch 3, 6 
Carbon-manganese and nickel alloy steels for low temperature service, no minus tolerance is permitted in the thickness of plates 
and strip. The minus tolerances on sections are to comply with the requirements of a recognised National or International 
Standard. 


Leal For the materials detailed in Ch 3, 7 Austenitic and duplex stainless steels, the minus tolerance of material intended for 
use in the construction of cargo tanks is not to exceed 0,3 mm. For other applications, no minus tolerance is permitted in the 
thickness of plates and strip. 


1.7.12 Dimensional tolerances for material detailed in Ch 3, 9 Bars for welded chain cables are given in Table 3.9.3 Dimensional 
tolerance of bar stock. 


1.7.13 The average thickness and thickness tolerance is to be measured at locations of a product or products as defined 
below: 
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(a) An automated method or manual method may be applied to the thickness measurements. The procedure and the records of 
measurements are to be made available to the Surveyor and copies provided on request. 


(b) At least two lines among Line 1, Line 2 or Line 3, as shown in Figure 3.1.1 Location of thickness measuring points, are to be 
selected for the thickness measurements and at least three points on each selected line as shown in Figure 3.1.7 Location of 
thickness measuring points are to be selected for thickness measurement on each piece rolled from a single slab or single 
ingot. If more than three points are taken on each line, then the number of points shall be equal on each line. 


(c) For automated methods, the measuring points at sides are to be located not less than 10 mm but not greater than 300 mm 
from the transverse or longitudinal edges of the product. 


(d) For manual methods, the measuring points at sides are to be located not less than 10 mm but not greater than 100 mm from 
the transverse or longitudinal edges of the product. 


(e) Additional measurements may be requested by the Surveyor. 


+— Rolling direction 


@ Thickness measurement point 


Figure 3.1.1 Location of thickness measuring points 


1.7.14 Local surface depressions resulting from imperfections and ground areas resulting from the elimination of defects may 
be disregarded provided that they are in accordance with the requirements of a recognised National or International Standard. 


1.7.15 Tolerances relating to length, width, flatness and plus thickness are to comply with a National or International Standard. 


1.7.16 The responsibility for maintaining the required tolerances and making the necessary measurements rests with the 
manufacturer. Occasional checking by the Surveyor does not absolve the manufacturer from this responsibility. 


1.7.17 The Shipbuilder is responsible for the storage and maintenance of product(s) delivered with acceptable surface 
conditions. 
1.8 Heat treatment 


1.8.1 Acceptable conditions of supply are specified in subsequent Sections of this Chapter. 


1.8.2 The manufacturer is to carry out any heat treatment which may be necessary to prevent hydrogen cracking or to make 
the material in a safe condition for transit. The Surveyor is to be advised of any heat treatment proposed. 


1.8.3 Where material is manufactured using a thermomechanically controlled process consideration must be given to the 
possibility of consequent reduction in mechanical properties if it is subjected to heating for forming or stress relieving or is welded 
using a high heat input. 

1.9 Test material and mechanical tests 


1.9.1 Depending on the type of product, provision is made in subsequent Sections of this Chapter for the testing of individual 
items or for batch testing. Where the latter is permitted, all materials in a batch presented for acceptance tests are to be of the 
same product form, (e.g. plates, flats, sections, etc.), from the same cast and in the same condition of supply. 


1.9.2 The test samples are to be fully representative of the material and, where appropriate, are not to be cut from the material 
until heat treatment has been completed. The test specimens are not to be separately heat treated in any way. 


1.9.3 The test material is to be taken from the thickest piece in each batch, see Ch 1, 4.1 General. 


1.9.4 Test material is to be taken from the following positions: 
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(a) At the square cut end of plates and flats greater than 600 mm wide, approximately one-quarter width from an edge, see 
Figure 3.1.2 Position of test material. 

(bo) For flats 600 mm or less in width, bulb flats and other solid sections, at approximately one-third of the width from an edge, 
see Figure 3.1.2 Position of test material, Figure 3.1.2 Position of test material and Figure 3.1.2 Position of test material. 
Alternatively, in the case of channels, beams or bulb angles, at approximately one-quarter of the width from the centreline of 
the web, see Figure 3.1.2 Position of test material. 

(c) For rectangular hollow sections, at approximately the centre of any side, see Figure 3.1.2 Position of test material. For circular 
hollow sections, at any position on the periphery. 

(d) For bars intended for purposes as detailed in Ch 3, 2 Normal strength steels for ship and other structural applications, Ch 3, 
3 Higher strength steels for ship and other structural applications, Ch 3, 5 Steels for machinery fabrications and Ch 3, 9 Bars 
for welded chain cables, at approximately one-third of the radius or half-diagonal from the outer surface, see Figure 3.1.2 
Position of test material. For smaller bars, the position of the test material is to be as close as is possible to the above. 

(e) For bars intended for the applications detailed in Ch 3, 4 Steels for boilers and pressure vessels, Ch 3, 6 Carbon-manganese 
and nickel alloy steels for low temperature service and Ch 3, 7 Austenitic and duplex stainless steels at approximately 12,5 
mm below the surface. For bars up to 25 mm diameter, the test specimens may be machined coaxially. 

(f) | When the capacity of the available testing machine is insufficient, tensile testing is to be carried out in accordance with the 
requirement of Ch 2, 2.7 Dimensions of test specimens 2.1.6. 


1.9.5 Tensile test specimens and impact test specimens, where required for the type and grade of product being supplied, are 
to be prepared from each item or batch of material submitted for acceptance. 


1.9.6 Where the finished width of plates and flats is greater than GOO mm, the tensile test specimens are to be cut with their 
principal axes perpendicular to the final direction of rolling. For all other rolled products, the principal axes are to be parallel to the 
final direction of rolling. 


1.9.7 The tensile test specimens are to be machined to the dimensions detailed in Ch 2, 2.1 Dimensions of test specimens 
2.1.6 and Ch 2, 2.1 Dimensions of test specimens 2.1.7. 


1.9.8 Impact test specimens are to be cut with their principal axes either parallel (longitudinal test) or perpendicular (transverse 
test) to the final direction of rolling, as required by subsequent Sections of this Chapter. Where both longitudinal and transverse 
impact properties are shown for a particular grade, only the longitudinal test is required to be carried out, unless otherwise 
specified by the purchase order or subsequent Sections of this Chapter. However, for plates and wide flats, by certifying that the 
product meets the requirements of the Rules, the manufacturer guarantees that the acceptance values will be met if tested in the 
transverse direction. The Surveyor may request testing in this direction to confirm conformity. 


1.9.9 Impact test specimens are to be of the Charpy V-notch type, machined to the dimensions detailed in Ch 2 Testing 
Procedures for Metallic Materials. They are to be taken from a position within 2 mm of one of the rolled surfaces, except that for 
plates and sections over 40 mm thick, the axes of the test specimens are to be at one-quarter of the thickness from one of the 
rolled surfaces. For bars and other similar products the axes of the test specimens are to be as specified in Ch 3, 1.9 Test material 
and mechanical tests 1.9.4.(d). 


1.9.10 Standard test specimens 10 mm square are to be used, except where the thickness of the material does not allow this 
size of test specimen to be prepared. In such cases the largest possible size of subsidiary test specimen, in accordance with Table 
2.3.1 Dimensions and tolerances for Charpy V-notch impact test specimens is to be prepared, with the notch cut on the narrow 
face. Alternatively, for material of suitable thickness, the rolled surfaces may be retained so that the test specimen width will be the 
full thickness of the material. In such cases the tolerances for width given in Table 2.3.1 Dimensions and tolerances for Charpy V- 
notch impact test specimens in Chapter 2 are not applicable. The notch is to be cut in a face of the test specimen which was 
originally perpendicular to the rolled surface. The position of the notch is to be not nearer than 25 mm to a flame-cut or sheared 
edge. 


1.9.11 Impact tests are not required when the nominal material thickness is less than 6 mm. 

1.9.12 The test procedures used for all tensile and impact tests are to be in accordance with the requirements of Ch 2 Testing 
Procedures for Metallic Materials. 

1.10 Visual and non-destructive examination 


1.10.1 Surface inspection and verification of dimensions are the responsibility of the steelmaker and are to be carried out on all 
material prior to despatch. Acceptance by the Surveyors of material later found to be defective shall not absolve the steelmaker 
from this responsibility. 
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1.10.2 With the exception of 'Z' grade plate material (see Ch 3, 8 Plates with specified through thickness properties) and bars 
for offshore mooring cable (see Ch 3, 9 Bars for welded chain cables), the non-destructive examination of materials is not required 
for acceptance purposes. However, manufacturers are expected to employ suitable methods of non-destructive examination for 
the general maintenance of quality standards. If agreed by the manufacturer and purchaser that the plates and wide flats products 
are ordered with an ultrasonic examination requirement, then the examination is to be carried out in accordance with a recognised 
standard accepted by LR, which is then to be included in the manufacturing specification. 
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Square cut end 


Discard 
(a) Plates and flats (c) Channels and beams 


DA 


- radius —|=—>| 


(d) Bulb flats (e) Hollow rectangular sections (f) Rounds 


2665/20 


(g) Plates and flats with thickness exceeding 40 mm 


Figure 3.1.2 Position of test material 


1.10.8 Advanced NDE methods, as described in Ch 7, 5.11 Advanced NDE methods, may be applied to rolled steel 
components, as appropriate to the material type, thickness, complexity and geometry, in lieu of or complementary to existing NDE 
methods, as applicable. 
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1.10.4 — Verification of results of visual and non-destructive examination is the responsibility of the manufacturer. The acceptance 
of internal soundness by the LR Surveyor shall not absolve the manufacturer from this responsibility. 


1.11 Rectification of defects 
1.41.4 For materials intended for structural purposes as detailed in Ch 3, 2 Normal strength steels for ship and other structural 


applications, Ch 3, 3 Higher strength steels for ship and other structural applications and Ch 3, 5 Steels for machinery fabrications, 
surface defects may be removed by local grinding provided that: 


a) the thickness is in no place reduced to less than 93 per cent of the nominal thickness, but in no case by more than 3 mm, 

b) each single ground area does not exceed 0,25 m2, 

c) the total area of local grinding does not exceed two per cent of the total surface, 

d) adjacent ground areas, lying within a distance of less than their average breadth to each other, are to be regarded as one 
single area, 

(e) ground areas lying opposite each other on both surfaces shall not decrease the product thickness by values exceeding the 
limits as stated under Ch 3, 1.11 Rectification of defects 1.11.1.(a), 

(f) | the ground areas have smooth transitions to the surrounding surface. 


Fe 


Where necessary, the entire surface may be ground to a maximum depth as given by the underthickness tolerances of the 
product. The extent of such rectification is to be agreed in each case with the Surveyors and is to be carried out under their 
supervision, unless otherwise agreed. They may request that complete removal of the defect is proven by suitable non-destructive 
examination of the affected area. 


1.11.2 Surface defects which cannot be dealt with as in Ch 3, 1.11 Rectification of defects 1.11.1 may be repaired by chipping 
or grinding followed by welding, subject to the Surveyor's consent and under his supervision, provided that: 


a) after removal of the defect and before welding, the thickness of the item is in no place reduced by more than 20 per cent, 

b) each single weld does not exceed 0,125 m2, 

c) the total area of welding does not exceed two per cent of the surface of the side involved, 

d) the distance between any two welds is not less than their average width, 

) the welds are of reasonable size and made with an excess layer of beads which is then ground smooth to the surface level, 

f) — elimination of the defect is proven by suitable non-destructive examination of the affected area, 

g) welding is carried out by an approved procedure and by competent operators using approved low hydrogen type electrodes 
and the repaired area is ground smooth to the correct nominal thickness, 

(h) when requested by the Surveyor, the item is normalised or otherwise suitably heat treated after welding and grinding, and 

(i) | at the discretion of the Surveyor, the repaired area is proven free from defects by suitable non-destructive examination. 


1.11.8 For materials intended for applications as detailed in Ch 3, 4 Steels for boilers and pressure vessels, Ch 3, 6 Carbon- 
manganese and nickel alloy steels for low temperature service and Ch 3, 7 Austenitic and duplex stainless steels, surface defects 
may be removed by grinding in accordance with Ch 3, 1.17 Rectification of defects 1.11.1, except that when the thickness is 
reduced below that given in the approved plans, acceptance will be subject to special consideration. Weld repairs may also be 
carried out generally in accordance with Ch 3, 1.17 Rectification of defects 1.11.2, except that in all cases suitable heat treatment 
after welding and non-destructive testing of the repaired areas is required. The fabricator is to be advised regarding the position 
and extent of all repairs. 


1.11.4 For plates which have been produced by a T.M. process or by normalising rolling, repair by welding will be approved by 
the Surveyor only after procedure tests have shown that the mechanical properties have not been impaired. 


1.11.5 Cracks, shells, sand patches and sharp edged seams are always considered defects which would impair the end use of 
the product and which require rejection or repair irrespective of their size and number. The same applies to other imperfections 
exceeding the acceptable limits. 


1.12 Identification of materials 


1.12.4 Every finished item is to be clearly marked by the manufacturer in at least one place with LR's brand (see Figure 3.1.3 
LR Brand) and the following particulars: 


(a) The manufacturer's name or trade mark. 
(b) The grade of steel. The designations given in subsequent Sections of this Chapter may be preceded by the letters 'LR' in 
order to fully describe the grade, e.g. LR A, LR 490FG. LR LTI-FH40, LR 316L , etc. 


(c) When the material complies with the requirements of Ch 3, 8 Plates with specified through thickness properties, the grade is 
to include the suffix Z25 or Z35, e.g. LR AH36 Z35. 
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(d) Identification number and/or initials which will enable the full history of the item to be traced. 

(e) _ If required by the purchaser, his order number or other identification mark. 

(f) | Steels which have been specially approved and which differ from the requirements in this chapter are to have the letter ‘S' 
after the agreed identification mark. 


The above particulars, but excluding the manufacturer's name or trade mark where this is embossed on finished products, are to 
be encircled with paint or otherwise marked so as to be easily recognisable. 


1.12.2 | Where a number of light similar or identical products, such as sections and bars, weighting < 50 kg per meter, are 
securely fastened together in bundles, the manufacturer may brand only each bundle. A firmly fastened durable label containing 
the identification may be attached to each bundle. 


1.12.3. In the event of any material bearing LR's brand failing to comply with the test requirements, the brand is to be 
unmistakably defaced, see also Ch 1, 4.8 Identification of materials. 


Figure 3.1.3 LR Brand 


1.13 Certification of materials 


1.13.4 Unless a LR certificate is specified in other parts of the Rules, a manufacturer’s certificate validated by LR is to be issued 
(see Ch 7, 3.1 General) and is to include the following particulars: 


a) Purchaser's name and order number. 
b) If Known, the contract number for which the material is intended. 
) Address to which material is dispatched. 
d) Name of steelworks. 
. Description and dimensions of the material. 
f) | Specification or grade of the steel. 
g) Identification number of piece, including test specimen number where appropriate. 
h) Cast number and chemical composition of ladle samples. 
Mechanical test results (not required on shipping statements). 
Condition of supply. 


1.13.2 Before the test certificates are signed by the Surveyor, the steelmaker is required to provide a written declaration stating 
that the material has been made by an approved process, and that it has been subjected to and has withstood satisfactorily the 
required tests in the presence of the Surveyor, or an authorised deputy. The following form of declaration will be accepted if 
stamped or printed on each test certificate with the name of the steelworks and signed by an authorised representative of the 
manufacturer: 


‘We hereby certify that the material has been made by an approved process and satisfactorily tested in accordance with the Rules 
of Lloyd's Register’. 


1.13.3. When steel is not produced at the works at which it is rolled, a certificate is to be supplied by the steelmaker stating the 
process of manufacture, the cast number and the chemical composition of ladle samples. The works at which the steel was 
produced must be approved by LR. 


1.13.4 The manufacturer of coiled plate is required to issue a certificate which clearly identifies the material as coil. The 
certificate issued should include the words; ‘Coils covered by this certificate require further processing at a works approved by 
Lloyd's Register before being certified as plate in accordance with the Rules of Lloyd's Register’ in addition to the requirements of 
Ch 8, 1.13 Certification of materials 1.13.2. 
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1.13.5 The supplier of plate cut from coil is required to issue a certificate validated by the LR Surveyor which clearly identifies 
the product as finished plate meeting the requirements of the Rules in accordance with Ch 3, 7.13 Certification of materials 1.13.2. 


1.13.6 The form of certificates produced by computer systems is to be agreed with the Surveyor. 


| Section 2 
Normal strength steels for ship and other structural applications 


2.1 Scope 


2.1.1 The requirements of this Section are primarily intended to apply to steel plates and wide flats not exceeding 100 mm in 
thickness and sections and bars not exceeding 50 mm in thickness in Grades A, B, D and E. For greater thicknesses, variations in 
the requirements may be permitted or required for particular applications. 


2.1.2 Additional approval tests may be required to verify the suitability for forming and welding of Grade E plate exceeding 
50 mm in thickness. 
2.2 Manufacture and chemical composition 


2.2.1 The method of deoxidation and the chemical composition of ladle samples are to comply with the requirements given in 
Table 3.2.1 Chemical composition and deoxidation practice. 


2.2.2 Small variations from the chemical compositions given in Table 3.2.1 Chemical composition and deoxidation practice 
may be allowed for Grade E steel in thicknesses exceeding 50 mm or when any Grade of steel is supplied in a thermo- 
mechanically controlled processed condition, provided that these variations are documented and approved in advance. 


2.2.3 The manufacturer's declared analysis will be accepted subject to occasional checks if required by the Surveyors. 


Table 3.2.1 Chemical composition and deoxidation practice 


Grade A B D E 
Deoxidation Fort<50 mm: For t<50 mm: Fort<25 mm: Killed and fine grain 
: , treated with aluminium 
Any method (for rimmed Any method except Killed 
steel, see Note 1) rimmed steel 
For t > 50 mm: For t > 50 mm: For t > 25 mm: 
Killed Killed Killed and fine grain 


treated with aluminium 


Chemical composition % (see 


Note 5) 
Carbon 0,21 max. (see Note 2) 0,21 max. 0,21 max. 0,18 max. 
Manganese 2,5 x 0% min. 0,80 min. (see Note 3) 0,60 min. 0,70 min. 
Silicon 0,50 max. 0,35 max. 0,10 - 0,35 0,10 - 0,35 
Sulphur 0,035 max. 0,035 max. 0,035 max. 0,035 max. 
Phosphorus 0,035 max. 0,035 max. 0,035 max. 0,035 max. 
Aluminium (acid soluble) - - 0,015 min. (see Note 4) 0,015 min. (see Note 4) 
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Carbon + 1/6 of the manganese content is not to exceed 0,40% 


Note 1. For Grade A, rimmed steel may only be accepted for sections up to a maximum thickness of 12,5 mm, provided that it is stated on the 
test certificates or shipping statements to be rimmed steel. 


Note 2. The maximum carbon content for Grade A steel may be increased to 0,23% for sections. 
Note 3. Where Grade B is impact tested the minimum manganese content may be reduced to 0,60%. 


Note 4. The total aluminium content may be determined instead of the acid soluble content. In such cases the total aluminium content is to be 
not less than 0,020%. 


Note 5. Where additions of any other elements are made as part of the steel-making practice, the content is to be recorded. 


2.2.4 For plate supplied from coil, the chemical analysis can be transposed from the certificate of the coil manufacture onto 
the re-processor's certificate. 


2.3 Condition of supply 


2.3.1 All materials are to be supplied in a condition complying with the requirements given in Table 3.2.2 Condition of supply. 
Where alternative conditions are permitted these are at the option of the steelmaker, unless otherwise expressly stated in the order 
for the material, but a steelmaker is to supply materials only in those conditions for which he has been approved by LR. 


Table 3.2.2 Condition of supply 


Thickness mm Conditions of supply 


<50 


>50 <100 


<35 


>35 <100 


<100 


N= normalised 
NR= normalising rolled 


TM= thermomechanically controlled-rolled 


Note 1. 'Any' includes as-rolled, normalised, normalising rolled and thermomechanically controlled-rolled. 
Note 2. Plates, wide flats, sections and bars may be supplied in the as-rolled condition, subject to special approval from LR. 


Note 3. Sections in Grade D steel may be supplied in thicknesses greater than 35 mm in the as-rolled condition provided that satisfactory 
results are consistently obtained from Charpy V-notch impact tests. 


Note 4. Sections in Grade E steel may be supplied in the as-rolled and normalising rolled conditions provided that satisfactory results are 
consistently obtained from Charpy V-notch impact tests. 


2.3.2 Where normalising rolling and thermomechanically controlled rolling (T.M.) processes are used, it is the manufacturer's 
responsibility to ensure that the programmed rolling schedules are adhered to. Where deviation from the programmed rolling 
schedule occurs, the manufacturer must ensure that each affected piece is tested and that the local Surveyor is informed. 


2.3.3 If a steel product supplied in the T.M. condition is to be subjected to heating for forming or stress relieving or is to be 
welded by a high energy input process, consideration must be given to the possibility of a consequent reduction in mechanical 
properties. 


2.4 Mechanical tests 


2.4.1 The results of all tensile tests and the average energy value from each set of three impact tests are to comply with the 
appropriate requirements given in Table 3.2.3 Mechanical properties for acceptance purposes except where enhanced by the 
requirements of this Section. 
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2.4.2 With the exception given in Ch 3, 2.4 Mechanical tests 2.4.4, one tensile test is to be made for each batch presented 
unless the mass of finished material is greater than 50 tonnes, in which case one test is to be made from a different piece from 
each 50 tonnes or fraction thereof. Additional tests are to be made for every variation of 10 mm in the thickness or diameter of 
products from the same cast. For sections, the thickness to be considered is the thickness of the product at the point at which 
samples are taken for mechanical tests. A piece is to be regarded as the rolled product from a single slab or billet, or from a single 
ingot if this is rolled directly into plates, strip, sections or bars. 


2.4.3 For Grades A and B where plate is supplied from coil, results of the tensile test can be transposed from the certificate of 
the coil manufacture onto the certificate issued by the re-processor. If the coil mass exceeds 50 tonnes, testing will additionally be 
required from two locations representing the start and end of the coil. For Grades D and E, the mechanical properties must be 
sampled from the decoiled plate in accordance with the frequency specified in the Rules. 


2.4.4 For plates of thickness exceeding 50 mm in Grade E steel, one tensile test is to be made on each piece. 


Table 3.2.3 Mechanical properties for acceptance purposes 


Yield Charpy V-notch impact test 
stress Elongation on 5,65 (see Notes 3, 4, 5, 6) 


; 2 
N/ Tensile strength N/mm 5o% tri 


. : Average energy J minimum 
mm2mini Thickness g gy 


mum ery Longitudinal | Transverse 


<50 27 20 
400 - 520 22 
>50<70 34 24 
(see Note 1) (see Note 2) 
>70<100 4 27 


A grade not required 


Impact tests are to be made on the various grades at the following B grade o°C 


temperatures: D grade -20°C 


E grade -40°C 


Note 1. For sections in Grade A, the upper limit of the tensile strength range may be exceeded at the discretion of the Surveyor. 


Note 2. For full thickness tensile test specimens with a width of 25 mm and a gauge length of 200 mm (see Figure 2.2.4 Test specimen 
dimensions for plates, strip and sections - II), the minimum elongation is to be: 


Thickness 
mm 


Elongatio 
n% 


Note 3. See Ch 3, 2.4 Mechanical tests 2.4.5 and Ch 3, 2.4 Mechanical tests 2.4.6. 
Note 4. See Ch 3, 2.4 Mechanical tests 2.4.7. 


Note 5. See Ch 3, 1.9 Test material and mechanical tests 1.9.11. 


2.4.5 For Grade A steel, Charpy V-notch impact tests are not required when the thickness does not exceed 50 mm, or up to 
100 mm thick if the material is supplied in either the normalised or thermomechanically controlled-rolled condition and has been 
fine grain treated. However, the manufacturer should confirm, by way of regular in-house checks, that the material will meet a 
requirement of 27 J at +20 °C. The results of these checks shall be reported to the Surveyor. The frequency of these checks 
should as a minimum be every 250 tonnes. 


2.4.6 When Grade A steel is supplied in a thickness greater than 50 mm and either, in the normalising rolled condition, or 
when special approval has been given to be supply in the as-rolled condition, a set of three impact test specimens is to be tested 
from each batch of 50 tonnes or fraction thereof. 
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2.4.7 Impact tests are not required for Grade B steel of 25 mm or less in thickness. However, the manufacturer is to confirm, 
by way of regular in-house tests, and on occasional material selected by the Surveyor, that the material meets the requirement in 
Table 3.2.3 Mechanical properties for acceptance purposes. The results of the tests are to be reported to the Surveyor. The 
frequency of the in-house checks are to be, as a minimum, one set of three impact test specimens for every 250 tonnes. 


2.4.8 For Grade B steels of thicknesses above 25 mm, supplied in the as-rolled or normalising rolled condition, one set of 
three impact test specimens is to be made from the thickest item in each batch presented. If the mass of finished material is 
greater than 25 tonnes, one extra set of tests is to be made from a different piece from each 25 tonnes or fraction thereof. 


249 For Grade B steels of thicknesses above 25 mm, supplied in the furnace normalised or thermomechanically controlled- 
rolled condition, one set of three impact test specimens is to be made from the thickest item in each batch presented. If the mass 
of finished material is greater than 50 tonnes, one extra set of tests is to be made from a different piece from each 50 tonnes or 
fraction thereof. 


2.4.10 For Grade D steels supplied in the as-rolled or normalising rolled condition, one set of three impact test specimens is to 
be made from the thickest item in each batch presented. If the mass of finished material is greater than 25 tonnes, one extra set of 
tests is to be made from a different piece from each 25 tonnes or fraction thereof. 


2.4.11 For Grade D steels, supplied in the furnace normalised or thermomechanically controlled-rolled condition, one set of 
three impact test specimens is to be made from the thickest item in each batch presented. If the mass of finished material is 
greater than 50 tonnes, one extra set of tests is to be made from a different piece from each 50 tonnes or fraction thereof. 


2.4.12 For plates in Grade E steel, one set of three impact test specimens is to be made from each piece. For bars and 
sections in Grade E steel, one set of three test specimens is to be made from each 25 tonnes or fraction thereof. When, subject to 
the special approval of LR, sections are supplied in the as-rolled or normalising rolled conditions, one set of impact tests is to be 
taken from each batch of 15 tonnes or fraction thereof. 


2.4.13 The results of all tensile tests and the average energy values from each set of three impact tests are to comply with the 
appropriate requirements given in Table 3.2.3 Mechanical properties for acceptance purposes. For impact tests, one individual 
value may be less than the required average value provided that it is not less than 70 per cent of this average value. See Ch 7, 4.6 
Re-test procedures for re-test procedures. 


2.4.14 Where standard subsidiary Charpy V-notch test specimens are necessary, see Ch 2, 3.2 Testing procedures 3.2.4. 


2.5 Identification of materials 

25.4 The particulars detailed in Ch 3, 1.12 Identification of materials are to be marked on all materials which have been 
accepted. Where a number of light materials are bundled, the bundle is to be identified in accordance with Ch 3, 1.12 Identification 
of materials 1.12.2. 

2.6 Certification of materials 


2.6.1 At least two copies of each test certificate are to be provided. They are to be of the type and give the information 
detailed in Ch 3, 1.13 Certification of materials and, additionally, are to indicate if sections in Grade A steel of rimming quality have 
been supplied. As a minimum, the chemical composition is to include the contents of any grain refining elements used and the 
residual elements, as detailed in Table 3.2.1 Chemical composition and deoxidation practice. 


| Section 3 
Higher strength steels for ship and other structural applications 


3.1 Scope 
3.1.1 Provision is made for material to be supplied in five strength levels, 27S, 32, 36, 40 and 47. 
3.1.2 The required notch toughness is designated by subdividing the strength levels into Grades AH, DH, EH and FH. 


3.1.3 For the designation to fully identify a steel and its properties the appropriate grade letters should precede the strength 
level number, e.g. AH32 or FH40 and specify a suffix where applicable. 


3.1.4 Provision is made for plates specifically intended for longitudinal structural members in the upper deck region of 
container ships (such as hatch side coaming, upper deck, hatch coaming top and the attached longitudinals etc.). The brittle crack 
arrest suffix is to be assigned to grades EH36, EH40 and EH47 in accordance with Table 3.3.9 Requirement of brittle crack arrest 
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properties for brittle crack arrest steels (Note 7), when the brittle crack arrest properties are demonstrated at the time of approval 
and at batch release . 


3.1.5 The requirements of this Section are primarily intended to apply to plates, wide flats, sections and bars not exceeding 
the thickness limits given in Table 3.3.1 Thickness limits. Thicknesses deviating from this table may be specially considered, in 
which case, variations in the mechanical properties requirements may be permitted or required for particular applications but a 
reduction of the required impact energy is not allowed. 


Table 3.3.1 Thickness limits 


Thickness (t) limit mm 


Steel designation 


Plate and wide flat Sections and Bars 


EH27S 


EH32 


Maximum 100 Maximum 50 
EH36 


EH40 


EH47 50 <t<100 Not applicable 


EH36-BCA1, EH40-BCA1, EH47-BCA1 50 <t<100 
Brittle Crack Arrest Steel Not applicable 
EH40-BCA2, EH47-BCA2 80 <t<100 


3.1.6 It should be noted that the fatigue strength of weldments in steels of high strength levels may not be greater than those 
of steels of lower strength levels. 


3.2 Manufacture 

3.2.1 All the grades of steel are to be in the killed and fine grain treated condition. 

3.3 Chemical composition 

3.3.1 The chemical compositions of ladle samples for all grades of steel are to comply with the requirements of the approved 


manufacturing specification and the limits given in; 


e ~~ Table 3.3.2 Chemical composition for higher strength steels and 


e = Table 3.3.3 Carbon equivalent requirements for higher strength steels up to 100 mm in thickness when supplied in the TM 
condition, or 
° Table 3.3.4 Chemical composition for brittle crack arrest steels. 


Table 3.3.2 Chemical composition for higher strength steels 


Grades AH, DH, EH FH 


Carbon % max. 0,18 0,16 
Manganese % 0,9 — 1,60 (see Note 1) 0,9 - 1,60 
Silicon % max. 0,50 0,50 


Phosphorus % max. 0,035 0,025 


Sulphur % max. 0,035 0,025 


Grain refining elements 


(see Note 2) 


Aluminium (acid soluble) % 0,015 min. (see Note 3) 


Niobium % 0,02 — 0,05 


Vanadium % 0,05 - 0,10 
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Titanium % 0,02 max. 


Total (Nb + V + Ti) % (see Note 


5) 0,12 max. 


Residual elements 
Nickel % max. 0,80 
Copper % max. 0,35 
Chromium % max. 0,20 
Molybdenum % max. 0,08 


0,009 (0,012 max. if Al is 


Nitrogen % max. 
present) 


Note 1. For AH grade steels in all strength levels and thicknesses up to 12,5 mm, the specified minimum manganese content is 0,70%. 


Note 2. The steel is to contain aluminium, niobium, vanadium or other suitable grain refining elements, either singly or in any combination. 
When used singly, the steel is to contain the specified minimum content of the grain refining element. When used in combination, the 
specified minimum content of each element is not applicable. 


Note 3. The total aluminium content may be determined instead of the acid soluble content. In such cases the total aluminium content is 
to be not less than 0,020%. 


Note 4. Alloying elements other than those listed above are to be included in the approved manufacturing specification. 


Note 5. The grain refining elements are to be in accordance with the approved specification. 


3.3.2 The carbon equivalent is to be calculated from the ladle analysis using the formula given below and is not to exceed the 
maximum value agreed between the fabricator and the steelmaker when the steel is ordered. 


Mn , Cr+Mo+V_, Ni+Cu 
6 | 5 "15 


Carbonequivalent = C 4 


For TM steels, the agreed carbon equivalent is not to exceed the values given in Table 3.3.3 Carbon equivalent requirements for 
higher strength steels up to 100 mm in thickness when supplied in the TM condition. For EH47 brittle crack arrest grade steels, 
the maximum carbon equivariant value is given in Table 3.3.4 Chemical composition for brittle crack arrest steels. 


3.3.3 The cold cracking susceptibility, Pom, may be used instead of the carbon equivalent for evaluating weldability, in which 
case the following formula is to be used for calculating the Pem from the ladle analysis: 


Si, Mn+Cr+Cu , 


Pom = C+ 37 20 
Ni. Mo. V 
Is We 


The maximum allowable Pon is to be agreed with LR and is to be included in the manufacturing specification and reported on the 
certificate. For EH47 non brittle crack arrest steel, the maximum Pep is given in Table 3.3.3 Carbon equivalent requirements for 
higher strength steels up to 100 mm in thickness when supplied in the TM condition; EH47 brittle crack arrest grade steels, the 
maximum Pen value is given in Table 3.3.4 Chemical composition for brittle crack arrest steels. 


3.3.4 Small deviations in chemical composition from that given in Table 3.3.2 Chemical composition for higher strength steels 
for plates exceeding 50 mm in thickness in Grades EH36, EH40, FH86 and FH40 may be approved provided that these deviations 
are documented and approved in advance. 


3.3.5 Where the grain refining elements Niobium, Titanium and Vanadium are used either singly or in combination, the 
chemical composition is to be specifically approved for each Grade in combination with the rolling procedure to be used. 


3.3.6 When any grade is supplied in an approved thermomechanically controlled processed condition, variations in the 
specified chemical composition may be considered, provided that these variations are documented and approved in advance. 


3.3.7 For plate supplied from coil, the chemical analysis can be transposed from the certificate of the coil manufacture onto 
the re-processor's certificate. 
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Table 3.3.3 Carbon equivalent requirements for higher strength steels up to 100 mm in thickness when supplied in the TM 


condition 


Carbon Equivalent, max (%) 


t<50 (Note 1) 


50 <t< 100 (Note 1) 


EH47 (Note 2) 


0,36 


0,38 


0,36 


0,38 


0,38 


0,40 


0,40 


0,42 


Not applicable (see 
Table 3.3.1 
Thickness limits) 


0,49 


Note 1. t = thickness in mm 


Note 2. For EH47, the maximum Pcm is 0, 22% 


Table 3.3.4 Chemical composition for brittle crack arrest steels 


Grades EH36-BCA1 


EH40-BCA1 
EH40-BCA2 


EH47-BCA1 
EH47-BCA2 


Carbon % max. 0,18 
Manganese % 0,90 — 2,00 
Silicon % max. 0,50 
Phosphorus % max. 0,020 
Sulphur % max. 0,020 


Ni max. 2,0 


0,18 
0,90 — 2,00 
0,50 
0,020 
0,020 


2,0 


0,16 
0,90 — 2,00 
0,55 
0,020 
0,020 


2,0 


Grain refining elements (Note 1 
& Note 2) 


Aluminium (acid soluble) % (Note ' 

0,015 min 

3) 

Niobium % 0,02 - 0,05 

Vanadium % 0,05 - 0,10 
Titanium % 0,02 max 


Total (Nb + V + Ti) % 0,12 max 


0,015 min 


0,02 - 0,05 
0,05 — 0,10 
0,02 max 


0,12 max 


0,015 min 


0,02 - 0,05 
0,05 - 0,10 
0,02 max 


0,12 max 


Residual elements (Note 4) 
Copper % max 
Chromium % max 


Molybdenum % max 


Carbon equivalent Ceg max 
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Cold cracking susceptibility Pop, 
max 


0,24 


Note 1. The steel is to contain aluminium, niobium, vanadium or other suitable grain refining elements, either singly or in any combination. 
When used singly the steel is to contain the specified minimum content of the grain refining element. When used in combination, the 
specified minimum content of a fine graining element is not applicable. 


Note 2. The grain refining elements are to be in accordance with the approved specification. 


Note 3. The total aluminium content may be determined instead of the acid soluble content. In such cases the total aluminium content is 
to be not less than 0,020%. 


Note 4. Alloying elements other than those listed above are to be included in the approved manufacturing specification. 


3.4 Condition of supply 


3.4.1 All materials are to be supplied in a condition complying with the requirements given in Table 3.3.5 Conditions of supply 
for plates and wide flats or Table 3.3.6 Conditions of supply for sections and bars. Where alternative conditions are permitted, 
these are at the option of the steelmaker, unless otherwise expressly stated in the order for the material. 


3.4.2 Where normalising rolling and thermomechanically controlled rolling (T.M.) processes are used, it is the manufacturer's 
responsibility to ensure that the programmed rolling schedules are adhered to. Where deviation from the programmed rolling 
schedule occurs, the manufacturer must ensure that each affected piece is tested and that the local Surveyor is informed. 


3.4.3 The use of precipitation hardening steels is not acceptable, except where such hardening is incidental to the use of grain 
refining elements. 


Table 3.3.5 Conditions of supply for plates and wide flats 
Grain refining practice Conditions of supply 


Thickness range mm 


(see Note 1) (see Note 2) 


<20 RT 
Alor Al + Ti 
>20 < 100 R al (see Note 3) 


<12,5 
Nb or V or Al + (Nb or V) or Al + 


(Ti) + (Nb or V) >12,5<100 


<12,5 
Any practice >12,5 < 50 


>50 < 100 


<20 
Al or Al + Ti 


>20<100 (see Note 4) 


<12,5 
Nb or V or Al + (Nb or V) or Al + 


(Oh Gree) >12,5<100 


<50 
Any practice 
> 50 < 100 


Any practice 


Any practice 
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Any practice 


EH 47 


Any practice 


<50 


Not applicable 


>50 <100 


EH36-BCA1 
EH40-BCA1 
EH40-BCA2 
EH47-BCA1 


EH47-BCA2 


Any practice 


<50 


>50 <100 


Note 1. Grain refining elements used singly or in any combination, require specific approval from Materials and NDE Department, Southampton 


GTC Office. 


Note 2. AR = as-rolled N = furnace normalised NR = normalising rolled TM = thermomechanically controlled-rolled QT = quenched and 


tempered. 


Note 3. Material up to 35 mm thick may be supplied in the as-rolled condition provided that prior approval has been obtained from LR. 


Note 4. Material up to 25 mm thick may be supplied in the as-rolled condition provided that prior approval has been obtained from LR. 


Note 5. Other conditions of supply may be accepted under special consideration. 


Table 3.3.6 Conditions of supply for sections and bars 


Grain refining practice (see 
Note 1) 


Alor Al + Ti 


Thickness range mm 


<20 


>20<50 


Conditions of supply (see Note 2) 


(see Note 3) 


Nb or V or Al + Nb or A1+ 
V or Al + (Ti) + (Nb or V) 


<12,5 


>12,5<50 


(see Note 3) 


Any practice 


<12,5 


>12,5<50 


Alor Al + Ti 


<20 


>20<50 


(see Note 3) 


Nb or V or Al + Nb or Al + 
V or Al + (Ti) + (Nb or V) 


<12,5 


>12,5<50 


(see Note 8) 


Any practice 


<50 


Any practice 


<50 


(see Notes 3 and 4) 


Any practice 
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FH 27S Any practice 
FH 32 
(see Note 4) 
FH 36 


FH 40 


Note 1. Grain refining elements used singly or in any combination require specific approval from Materials and NDE Department, 
Southampton GTC Office. 


Note 2. N = furnace normalised NR = normalising rolled TM = thermomechanically controlled-rolled QT = quenched and tempered 


Note 3. Subject to the special approval of LR, sections may be supplied in the as-rolled condition provided satisfactory results are 
consistently obtained from Charpy V-notch impact tests. 


Note 4. Subject to the special approval of LR, sections may be supplied in the NR condition. 


3.5 Mechanical tests and brittle crack arrest property tests 


3.5.1 The results of all tensile tests and the average energy value from each set of three Charpy V-notch impact tests are to 
comply with the appropriate requirements given in the following tables: 


e = Table 3.3.7 Mechanical properties for acceptance of higher strength steel (see Note 1) 
e = Table 3.3.8 Mechanical properties for acceptance of brittle crack arrest steel for acceptance purposes; and 
e Table 3.3.9 Requirement of brittle crack arrest properties for brittle crack arrest steels (Note 1). 


3.5.2 For steels in the as-rolled, normalised, normalising rolled or T.M. conditions, one tensile test is to be made for each 
batch of 50 tonnes or fraction thereof. Additional tests are to be made for every variation of 10 mm in the thickness or diameter of 
products from the same cast. 


3.5.3 Where plate is supplied from coil, both the tensile tests and the Charpy V-notch tests are to be taken from the de-coiled 
plate in accordance with the frequency specified for the Grade as required by this Section. 


3.5.4 For steels in the quenched and tempered condition a tensile test is to be made on each plate as heat treated. For 
continuously heat treated plates, one tensile test is to be made for each 50 tonnes or fraction thereof from a single cast. Additional 
tests are to be made for every variation of 10 mm in the thickness of the products from a single cast. The tensile test specimens 
are to be taken with their axes transverse to the main direction of rolling. 


3.5.5 For products in the AH and DH grades, at least one set of three impact tests is to be made on the thickest piece in each 
batch of 50 tonnes when supplied in either the normalised or thermomechanically controlled condition. When the products are 
supplied in the as-rolled or normalising rolled conditions a set of impact test specimens is to be taken from a different piece from 
each 25 tonnes or fraction thereof. When supplied in the quenched and tempered condition, a set of impact tests is to be made 
on each length as heat treated. Test specimens from the quenched and tempered plates are to have their axes transverse to the 
main rolling direction. 


3.5.6 For plates and wide flats in the EH and FH grades supplied in the normalised or thermomechanically controlled 
conditions, one set of impact tests is to be made on each piece. For plates supplied in the quenched and tempered condition a 
set of impact tests is to be made on each length as heat treated. Test specimens from the quenched and tempered plates are to 
have their axes transverse to the main rolling direction. 


3.5.7 The brittle crack arrest properties specified in Ch 3, 3.5 Mechanical tests and brittle crack arrest property tests 3.5.8 are 
to be evaluated for the products in accordance with the procedure approved by LR during the works approval stage. Test 
specimens are to be taken from each piece (the rolled product from a single slab or ingot if this is rolled directly into plates). 


3.5.8 For sections and bars in the EH and FH grades supplied in the normalised or thermomechanically controlled conditions, 
one set of impact tests is to be made on the thickest piece in a batch not exceeding 25 tonnes. For sections supplied in the as- 
rolled or normalising rolled conditions the batch size is not to exceed 15 tonnes. 
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Table 3.3.7 Mechanical properties for acceptance of higher strength steel (see Note 1) 


Grades 


(see Note 3) 


Yield Stress 


N/mm? min. 


Tensile 
Strength 


N/mm? 


Elongation on 


5,65,/5, % min. 


(see Note 2) 


Charpy V-notch impact tests (see Notes 3, 4, 5 and 6) 


Average energy 


J minimum 


t<50mm 


Longitudinal 


Transverse 


50<t< 70mm 


Longitudinal 


Transverse | Longitudinal 


70<t<100mm 


Transverse 


400 - 530 


440 - 570 


490 - 630 


510 - 650 


EH47 460 570 - 720 17 


Impact tests are to be made on the various grades at the following temperatures: 


AH grades 0°C 

DH grades -20°C 
EH grades -40°C 
FH grades -60°C 


Note 7. The requirements for products thicker than those detailed in the table are subject to agreement, see Ch 3, 3.1 Scope 3.7.5. 
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Note 2. For full thickness tensile test specimens with a width of 25 mm and a gauge length of 200 mm, see Figure 2.2.4 Test specimen 


dimensions for plates, strip and sections - Il in Ch 2 Testing Procedures for Metallic Materials, the minimum elongation is to be: 


Thickness mm 


Strength 
levels 


278, 32 


Strength level To be specifically 


Elongation 
agreed 


36 


Strength level 


40 


Note 3. Subject to special approval by LR, the minimum tensile strength may be reduced to 470 N/mm , for grades AH36, DH36, EH36 and 
FH36, in the TM condition when micro-alloying elements Nb, Ti or V are used singly and not in combination and provided the yield to tensile 
strength ratio does not exceed 0,89. For plates with a thickness <12 mm, the yield to tensile strength ratio is to be specially considered. 


Note 4. See Ch 3, 71.9 Test material and mechanical tests 1.9.17 
Note 5. For steel of H47 strength grade, the yield to tensile strength ratio is not to exceed 0,94. 


Note 6. The Charpy V-notch impact energy for EH47 in the longitudinal direction are as the following: 
b0 <t< 70mm 53J 

70 <t< 85 mm 64J 

85 < t < 100 mm 75J 


Table 3.3.8 Mechanical properties for acceptance of brittle crack arrest steel 


Impact test (J) min. 


Yield Strength Tensile 
: | Elongation (Longitudinal) 


(N/mm?) Strength 


(%) min. 
min. (N/mm?) Test Temp 50<t</70 70 <t<85 85 <t< 100 


(°C) mm mm mm 


EH36-BCA1 490-630 44 50 50 


EH40-BCA1 


510-650 46 55 
EH40-BCA2 


EH47-BCA1 


EH47- 570-720 
BCA2(Note 1) 


Note 1: For EH47-BCA1 and BCA2 grades, the yield to tensile strength ratio is not to exceed 0,94. 
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Table 3.3.9 Requirement of brittle crack arrest properties for brittle crack arrest steels (Note 1) 


Thickness (mm) Crack Arrest Temperature 


ICAT (°C) (See Note 2) 


EH36-BCA1 50 <t< 100 -10 or below 
EH40-BCA1 


EH47-BCA1 


‘See Note 1) 


EH40-BCA2 80 <t< 100 CAT corresponding to Kgg=8,000 N/mms/2 
FH47-BCA2 to be validated and approved by LR during 
manufacturer approval stage 


Note 1. Brittle crack arrest steels are defined as steel plate with tested brittle crack arrest properties expressed as Crack Arrest 
Temperature (CAT) or crack arrest toughness Kcg. The crack arrest properties of the material are to be measured during the works 
approval stage and during the production test for batch release purpose. To demonstrate the crack arrest properties for batch release 
purpose, validated small scale tests can be used. E.g. manufacturer can validate the relationship between CAT and the Nil Ductility 
Temperature or other properties by tests during the works approval stage to establish the correlation formula similar to the one below, or 
aversion specified by the manufacturer which is validated by testing: 


( Ino 
0,046 


1/13 


CAT = (NDTT + 10) +4 


190 


105] [iss@ 5) 


where 
crack arrest temperature in °C 
nil ductility test temperature in °C 
2/3 of the minimum specified yield strength in N/mm2 


thickness of the plate in mm 


The crack arrest test specimens are to be taken from each piece (the rolled product from a single slab or ingot if this is rolled directly into 
plates. 


Note 2. As an alternative to crack arrest temperature (CAT), crack arrest properties may be demonstrated by large scale ESSO tests for 
BCA1 grades Kea26000 N/mm? at -10°C and BCA2 grade Kea > 8000 N/mm? at -10°C. 


3.5.9 Where standard subsidiary impact specimens are necessary, see Ch 2, 2.3 Procedure for testing at ambient 
temperature 2.3.4. 
3.6 Identification of materials 


3.6.1 The particulars detailed in Ch 3, 1.12 Identification of materials are to be marked on all materials which have been 
accepted and, for ease of recognition, are to be encircled or otherwise marked with paint. Where a number of light products are 
bundled, the bundle is to be identified in accordance with Ch 3, 1.12 Identification of materials 1.12.2. 


3.7 Certification of materials 


3.7.1 At least two copies of each test certificate are to be provided. They are to be of the type and give the information 
detailed in Ch 3, 1.13 Certification of materials and, additionally, are to state the specified maximum carbon equivalent. As a 
minimum, the chemical composition is to include the contents of any grain refining elements used and of the residual elements. 


3.7.2 For steels which have been specially approved, the agreed identification mark, the specified minimum yield stress and, if 
applicable, the contents of alloying elements are additionally to be stated on the test certificate or shipping statement. 


3.7.3 The steelmaker is to provide the Surveyor with a written declaration as detailed in Ch 3, 1.13 Certification of materials 
1.13.2. 
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Steels for boilers and pressure vessels 
4.1 Scope 
4.1.1 Provision is made in this Section for carbon, carbon-manganese and alloy steels intended for use in the construction of 


boilers and pressure vessels. In addition to specifying mechanical properties at ambient temperature for the purposes of 
acceptance testing, these requirements also give details of appropriate mechanical properties at elevated temperatures which may 
be used for design purposes. 


4.1.2 Where it is proposed to use a carbon or carbon-manganese steel with a specified minimum tensile strength intermediate 
to those given in this Section, corresponding minimum values for the yield stress, elongation and mechanical properties at elevated 
temperatures may be obtained by interpolation. 


4.1.3 Carbon and carbon-manganesée steels with a specified minimum tensile strength of greater than 490 N/mm? but not 
exceeding 520 N/mm? may be accepted, provided that details of the proposed specification are submitted for approval. 


4.1.4 Where it is proposed to use alloy steels other than as given in this Section, details of the specification are to be 
submitted for approval. In such cases the specified minimum tensile strength is not to exceed 600 N/mm?. 


4.1.5 Materials intended for use in the construction of the cargo tanks and process pressure vessels storage tanks for 
liquefied gases and for other low temperature applications are to comply with the requirements of Ch 3, 6 Carbon-manganese and 
nickel alloy steels for low temperature service or Ch 3, 7 Austenitic and duplex stainless steels, as appropriate. 

4.2 Manufacture and chemical composition 


4.2.1 The method of deoxidation and the chemical composition of ladle samples are to comply with the appropriate 
requirements of Table 3.4.1 Chemical composition and deoxidation practice. 


Lioyp's REGISTER 73 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, JULY 2022 


Rolled Steel Plates, Strip, Sections and Bars Chapter 3 


Section 4 


Table 3.4.1 Chemical composition and deoxidation practice 


Grade of | Deoxidati 


Chemical composition % 
steel on 


Carbon and carbon- 
manganese steels 


Residual elements 


Any 
method 
except ; 0,040 max. 
rimmed 
steel 


Any 0,17 0,35 max. 
method 
Set 0,20 Cr 0,25 max. 
rimmed 0,20 0,035 max. Cu 0,30 max. 


steel 


(see Note Mo 0,10 max. 


Killed 0,10 — 0,50 Ni 0,30 max. 


Total 0,70 max. 
0,35 max. 


piled 0,20 0,40 max. 
fine : 0,035 max. 


grained _|(see Note 


0,10 — 0,50 


Residual Elements 


0,40-0,6 


Cu 0,30 max. 
0 U x 


Killed 0,035 max. 


11Cr Mo 0,08-0,1 2,00-2,5 | 0,90-1,1 


Ni 0,30 max. 
910 8 0 0 erear 


Note 1. For thicknesses greater than 30 mm, carbon 0,22% max. 
Note 2. Aluminium (acid soluble) 0,015% min. or Aluminium (total) 0,018% min. 
Niobium, vanadium or other suitable grain refining elements may be used either in place of or in addition to aluminium. 


Note 3.Aluminium (acid soluble or total) 0,020% max. 


4.2.2 For plate supplied from coil, the chemical analysis may be transposed from the certificate of the coil manufacture onto 
the re-processor’s certificate. 


4.3 Heat treatment 


4.3.1 All materials are to be supplied in a condition complying with the requirements given in Table 3.4.2 Condition of supply 
except that, when agreed, material intended for hot forming may be supplied in the as-rolled condition. 


Table 3.4.2 Condition of supply 


Grade of steel Condition of supply 


Carbon and carbon-manganese As-rolled 


360 AR to 460 AR Maximum thickness or diameter is 40 mm 
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Carbon and carbon-manganese ised or normalised rolled 
360 to 490 
Carbon and carbon-manganese ised or normalised rolled 
360 FG to 510 FG 
18Cr Mo 45 ised and tempered 
11Cr Mo 910 ised and tempered 
4.4 Mechanical tests 
4.4.4 For plates, a tensile test specimen is to be taken from one end of each piece when the mass does not exceed 5 tonnes 


and the length does not exceed 15 m. When either of these limits is exceeded, tensile test specimens are to be taken from both 
ends of each piece. A piece is to be regarded as the rolled product from a single slab or from a single ingot if this is rolled directly 
into plates. 


4.4.2 For strip, tensile test specimens are to be taken from both ends of each coil. 


4.4.3 Sections and bars are to be presented for acceptance test in batches containing not more than 50 lengths, as supplied. 
The material in each batch is to be of the same section size, from the same cast and in the same condition of supply. One tensile 
test specimen is to be taken from material representative of each batch, except that additional tests are to be taken when the 
mass of a batch exceeds 10 tonnes. 


4.4.4 Where plates are required for hot forming and it has been agreed that the heat treatment will be carried out by the 
fabricator, the tests at the steelworks are to be made on material which has been cut from the plates and given a normalising and 
tempering heat treatment in a manner simulating the treatment which will be applied to the plates. 


4.4.5 If required by the Surveyors or by the fabricator, test material may be given a simulated stress relieving heat treatment 
prior to the preparation of the test specimens. This has to be stated on the order together with agreed details of the simulated heat 
treatment and the mechanical properties which can be accepted. 


4.4.6 The results of all tensile tests are to comply with the appropriate requirements given in Table 3.4.3 Mechanical properties 
for acceptance purposes: carbon and carbon-manganese steels - As-rolled to Table 3.4.5 Mechanical properties for acceptance 
purposes: alloy steels - Normalised and tempered. 


Table 3.4.3 Mechanical properties for acceptance purposes: carbon and carbon-manganese steels - As-rolled 


Elongation 
Yield stress Tensile on 


Grade of Thickness 
: N/mm? strength 


steel mm 5,65 ,|/S_ 9 
minimum N/mm? 2 So % 


minimum 


360-480 24 
410-530 22 


460-580 21 


Table 3.4.4 Mechanical properties for acceptance purposes: carbon and carbon-manganese steels - Normalised or normalised 
rolled 


Thickness mm (see Yield stress N/mm2 Elongation on 5,65 ,/S, % 
Grade of steel ( a Tensile strength N/mm? o 
Note) minimum minimum 


360 — 480 
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>3<16 235 


>16<40 225 410 - 530 


>40<63 215 


>3<16 285 
>16<40 255 460 — 580 


>40<63 245 


>3s16 305 
>16<40 275 490 - 610 


>40<63 265 


>3s16 235 


>16<40 215 360 — 480 


>40<63 195 


>3<16 265 


>16<40 245 410 - 530 


>40<63 235 


>3<16 295 
>16<40 285 460 — 580 


>40<63 275 


>3<16 315 
>16<40 315 490 - 610 


>40<63 305 


>3<16 355 


>16<40 345 510 — 650 


>40<63 335 


Note For thicknesses greater than 63 mm, the minimum values for yield stress may be reduced by 1% for each 5 mm increment in 
thickness over 63 mm. The minimum elongation values may also be reduced one unit, for all thicknesses over 63 mm. For thicknesses 
over 100 mm, the above values are to be agreed. 


4.4.7 Where plate is supplied from coil, the tensile tests are to be taken from the de-coiled plate in accordance with the 
frequency specified for the Grade as required by this Section. 


Table 3.4.5 Mechanical properties for acceptance purposes: alloy steels - Normalised and tempered 


Thickness mm | _ Yield stress Tensile strength | Elongation on 5,65 So 


Grade of steel 
(see Note) | N/mm? minimum N/mm? % minimum 


13Cr Mo45 <63 305 470-620 20 


11Cr Mo910 <16 275 480-630 18 
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11Cr Mo910 >16<63 265 480-630 18 


Note For thicknesses greater than 68 mm, the minimum values for yield stress may be reduced by 1% for 


each 5 mm increment in thickness over 63 mm. The minimum elongation values may also be reduced one 
unit, e.g. for all thicknesses over 63 mm. For thicknesses over 100 mm, the above values are to be agreed. 


4.4.8 All test specimens are to be taken in the transverse direction unless otherwise agreed. 


4.4.9 When material will be subject to strains in a through thickness direction, it is recommended that it should have specified 
through thickness properties in accordance with the requirements of Ch 3, 8 Plates with specified through thickness properties. 


4.5 Identification of materials 

4.5.1 The particulars detailed in Ch 3, 1.12 Identification of materials are to be marked on all materials which have been 
accepted. 

4.6 Certification of materials 

4.6.1 At least two copies of each test certificate are to be provided. They are to be of the type and to give the information 


detailed in Ch 3, 1.13 Certification of materials and, additionally, are to state the specified maximum carbon equivalent. As a 
minimum, chemical composition is to include the content of any grain refining elements used and of the residual elements, as 
detailed in Table 3.4.1 Chemical composition and deoxidation practice. 


4.7 Mechanical properties for design purposes 


4.7.1 Nominal values for the minimum lower yield or 0,2 per cent proof stress at temperatures of 50°C and higher are given in 
Table 3.4.6 Mechanical properties for design purposes (see 4.7.1) : carbon and carbon-manganese steels - As-rolled to Table 
3.4.8 Mechanical properties for design purposes (see 4.7.1): alloy steels - Normalised and tempered . 


Table 3.4.6 Mechanical properties for design purposes (see 4.7.1) : carbon and carbon-manganese steels - As-rolled 


Design temperature °C (see Note) 


Thick 
Grade of steel Bs fine 100 150 200 250 300 


Nominal minimum lower yield or 0,2% proof stress N/mm? 


360 AR | 154 153 152 145 128 108 


410 AR , 186 183 181 174 155 134 


460 AR | 218 213 210 203 182 161 


Note Maximum permissible design temperature is 350°C 


4.7.2 These values are intended for design purposes only, and verification is not required except for materials complying with 
National or proprietary specifications where the elevated temperature properties used for design purposes are higher than given in 
Table 3.4.6 Mechanical properties for design purposes (see 4.7.1) : carbon and carbon-manganese steels - As-rolled to Table 
3.4.8 Mechanical properties for design purposes (see 4.7.1): alloy steels - Normalised and tempered . 


4.7.3 In such cases, at least one tensile test at the proposed design or other agreed temperature is to be made on material 
from each cast. Where materials of more than one thickness are supplied from one cast, the thickest material is to be tested. The 
test specimens are to be prepared from material adjacent to that used for tests at ambient temperature. The axis of the test 
specimens is to be between mid and quarter thickness of the material and the test soecimens are to be machined to dimensions 
in accordance with the requirements of Ch 2 Testing Procedures for Metallic Materials. The test procedure is also to be as detailed 
in Ch 2 Testing Procedures for Metallic Materials, and the results are to comply with the requirements of the National or proprietary 
specifications. 


4.7.4 As an alternative to Ch 3, 4.7 Mechanical properties for design purposes 4.7.3, a manufacturer may carry out an agreed 
comprehensive test program for a stated grade of steel to demonstrate that the specified minimum mechanical properties at 
elevated temperatures can be consistently obtained. This test program is to be carried out under supervision of the Surveyors, and 
the results submitted for assessment and approval. When a manufacturer is approved on this basis, tensile tests at elevated 
temperatures are not required for acceptance purposes but, at the discretion of the Surveyors, occasional check tests of this type 
may be requested. 
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4.7.5 Values for the estimated average stress to rupture in 100 000 hours are given in Table 3.4.9 Mechanical properties for 
design purposes (see 4.7.5): estimated average values for stress to rupture in 100 000 hours (units N/mm?) and may be used for 
design purposes. 


Table 3.4.7 Mechanical properties for design purposes (see 4.7.1): carbon and carbon-manganese steels - Normalised or 
controlled-rolled 


Design temperature °C 
Grade of | Thickness mm 


150 200 250 300 350 
steel (see Note) 


Nominal minimum lower yield or 0,2% proof stress N/mm? 


>3<16 183 172 168 150 124 117 


>16<40 173 169 162 144 124 117 15 


>40<63 166 158 152 144 124 117 15 


>3<16 220 208 201 180 150 142 38 


>16<40 204 198 191 174 150 142 38 


>40<63 196 188 181 168 150 142 38 


>3<16 260 243 235 176 168 62 
>16<40 235 227 220 176 168 62 


>40<63 227 218 210 176 168 62 


>3<16 280 264 255 192 183 LE 


>16<40 255 248 245 237 192 183 Gh 


>40<63 245 240 236 227 192 183 77 


>3<16 214 204 185 165 127 10 


>16<40 200 196 183 164 127 10 


>40<63 183 179 172 159 , 127 10 


>3s16 248 235 216 194 152 144 34 


>16<40 235 228 213 192 152 141 34 


>40<63 222 215 204 188 152 141 34 


>3s16 276 262 247 223 177 167 58 


>16<40 271 260 242 220 177 167 58 


>40<63 262 251 235 217 177 167 58 


>3<16 297 284 265 240 213 192 182 73 


>16<40 293 279 260 237 213 192 182 73 


>40<63 286 272 256 234 213 192 182 73 


510 FG >3<63 313 290 270 255 235 215 200 80 


Note For thicknesses greater than 63 mm, the values for lower yield or 0,2% proof stress are to be reduced by 1% for each 5 mm increment in 
thickness up to 100 mm. For thicknesses over 100 mm, the values are to be agreed and verified by test. 
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Table 3.4.8 Mechanical properties for design purposes (see 4.7.1): alloy steels - Normalised and tempered 


Thickness 


Design temperature °C 


Grade of 
steel 


mm 


300 350 


400 


450 


(see Note) 


inal minimum lower yield or 0,2% proof stress N/ 


13Cr 


3<63 
Mo45 ri 


11Cr 


3<63 256 249 
Mog9i0 


233 


216 203 


219 212 


199 


207 


194 


194 180 160 137 


Note For thicknesses greater than 63 mm, the values for lower yield or 0,2% proof stress are to be reduced by 1% for each 5 mm increment in 


thickness up to 100 mm. For thicknesses over 100 mm, the values are to be agreed and verified by test. 


Table 3.4.9 Mechanical properties for design purposes (see 4.7.5): estimated average values for stress to rupture in 100 000 


hours (units N/mm?) 


Grades of steel 


Carbon and carbon-manganese 


Low alloy 


Temperature °C 3860FG 
410FG 


460FG 


360 
410 


460 


490 


490FG 


510FG 


13CrMo 45 


11CrMo 910 


171 


155 


141 


127 


114 


102 


90 


78 


67 


57 


47 


Lioyp's REGISTER 


219 
196 


173 


151 


129 


109 
92 


78 


67 


57 


227 
203 
179 


157 


136 


117 


100 
85 


73 


63 


55 
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a Section 5 
Steels for machinery fabrications 
5.1 General 
5.1.1 Steel plates, sections or bars intended for use in the construction of major components of welded machinery structures, 


such as bedplates, crankcases, frames and entablatures, are to comply with one of the following alternatives: 


(a) Any grade of normal strength structural steel as detailed in Ch 3, 2 Normal strength steels for ship and other structural 
applications. 

(b) Any grade of higher tensile structural steel as detailed in Ch 3, 3 Higher strength steels for ship and other structural 
applications. 

(c) Any grade of carbon-manganese boiler or pressure vessel steel as detailed in Ch 3, 4 Steels for boilers and pressure vessels, 
except that for this application batch testing is acceptable. The size of a batch and the number of tensile tests are to be as 
detailed in Ch 3, 2 Normal strength steels for ship and other structural applications. 


Bule2 The minus tolerances for products for machinery structures are to be in accordance with Table 3.5.1 Under thickness 
tolerances. 


Table 3.5.1 Under thickness tolerances 


Minus tolerance on nominal 


Nominal thickness, t (mm) filcenees nnn) 
i 


8<t<5 


5<t<8 


8st<15 


15<t<25 


25 <t<40 


40 <t<80 


80 <t< 150 


150 <t< 250 


t> 250 


5.2 Certification of materials 


5.2.1 At least two copies of each test certificate are to be provided. They are to be of the type and give the information 
detailed in Ch 3, 1.13 Certification of materials and, additionally, are to state the specified maximum carbon equivalent. As a 
minimum, chemical composition is to include the contents of any grain refining elements used and of the residual elements. 


a Section 6 
Carbon-manganese and nickel alloy steels for low temperature service 


6.1 Scope 


6.1.1 This Section gives specific requirements for carbon-manganese and nickel alloy steels intended for use in the 
construction of cargo tanks, storage tanks and process pressure vessels for liquefied gases. 
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6.1.2 The requirements of this Section are also applicable for other types of pressure vessels where the use of steels with 
guaranteed impact properties at low temperatures is required. 


6.1.3 Provision is made for plates and sections up to 50 mm thick. 


6.1.4 Alternative steels which comply with National Standard specifications may be accepted under special consideration 
provided that these specifications give equivalence to the requirements of this Chapter or alternatively are approved for a specific 
application. For plates of thickness greater than 40 mm and up to 50 mm that are accepted in accordance with a National 
Standard specification, in addition to each set of impact tests required by the standard, a set of impact tests is required at mid- 
thickness position; the orientation and acceptance criteria are to be the same as those required by Ch 3, 6.4 Mechanical tests. 


6.1.5 The requirements for selection of grades and thickness for plates for appropriate minimum design temperatures are 
given in the Rules and Regulations for the Construction and Classification of Ships for the Carriage of Liquefied Gases in Bulk, July 
2022 and the Rules and Regulations for the Classification of Ships using Gases or other Low-flashpoint Fuels, July 2022. 


6.1.6 For high manganese austenitic steels with thickness up to 40 mm, the specific requirements for approval, manufacturing 
and inspection are specified in LR’s Guidance Notes for Approval, Manufacture, Testing and Certification of High Manganese 
Austenitic Steel for Low Temperature Service. 


6.2 Manufacture and chemical composition 
6.2.1 All steels are to be in the killed and fine grain treated condition. 


6.2.2 The chemical compositions of carbon-manganese steels are to comply with the appropriate requirements for grades 
AH, DH, EH and FH strength levels 27S, 32, 36 and 40,see Table 3.3.2 Chemical composition for higher strength steels. For the 
uses defined in Ch 3, 6.1 Scope 6.1.7 and Ch 3, 6.1 Scope 6.7.2, however, these grades are to be designated LT—AH, LT-—DH, LT 
—EH and LT-FH respectively. 


6.2.3 The chemical compositions of nickel alloy steels are to comply with the appropriate requirements of Table 3.6.1 
Chemical compositions of nickel alloy steels. 


Table 3.6.1 Chemical compositions of nickel alloy steels 


Grade of 
steel 


Cc 


Mn 


Ni 


Residual 
elements 


Aluminium 
(see Note 1) 


1/5 


0,18 max. 


21/4 


0,18 max 


3'/5 


0,15 max. 


SNi 


0,12 max. 


QNi 


0,10 max. 


0,10 — 0,35 


0,30 — 1,50 


1,30 - 1,70 


0.30 - 0.80 


2.10 - 2.50 


0,30 — 0,90 


3,20 — 3,80 


4,70 — 5,30 


8,50 — 10,0 


0,020 max. 


Cr 0,25 max. 
Cu 0,35 max. 
Mo 0,08 max. 


Total 0,60 
max. 


Total 0,020% 
min. 


Acid soluble 
0,015% min. 


Note 1. The specified minimum aluminium content may not be applicable when an alternative grain refining method is approved. 


6.2.4 For plate supplied from coil, the chemical analysis may be transposed from the certificate of the coil manufacture onto 
the re-processor’s certificate. 


6.3 Heat treatment 


6.3.1 All materials are to be supplied in a condition complying with the requirements given in Table 3.6.2 Supply conditions. 
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Table 3.6.2 Supply conditions 
Plates Sections and bars 
Any 
Normalised (see Note) T.M.C.P. Quenched and 
tempered 
Normalised (see Note) 
Normalised or Normalised and tempered 
Normalised and tempered 
Quenched and tempered 
Double normalised and tempered or Quenched and tempered 
Note Where the term ‘Normalised’ is used it does not include normalising rolling. 
6.4 Mechanical tests 
6.4.1 For plates, one tensile test specimen is to be taken from one end of each piece. A piece is to be regarded as the rolled 


product from a single slab or from a single ingot if this is rolled directly into plates. 
6.4.2 For strips, tensile test soecimens are to be taken from both ends of each coil. 


6.4.3 Sections and bars are to be presented for acceptance test in batches containing not more than 50 lengths, as supplied. 
The material in each batch is to be of the same section size, from the same cast and in the same condition of supply. One tensile 
test specimen is to be taken from material representative of each batch, except that additional tests are to be taken when the 
mass of a batch exceeds 10 tonnes. 


6.4.4 One set of three Charpy V-notch impact test specimens is to be taken for each tensile test specimen required. 


6.4.5 For plates, these impact test specimens are to be cut with the principal axis perpendicular to the final direction of rolling. 
For sections, the impact test specimens are to be taken longitudinally. 


6.4.6 The results of all tensile tests are to comply with the appropriate requirements given in Table 3.6.3 Mechanical properties 
for acceptance purposes (see Note 71) . For carbon—manganese steel grades, the ratio between the yield stress and the tensile 
strength is not to exceed 0,9 for normalised and TM steels and 0,94 for QT steels. 


Table 3.6.3 Mechanical properties for acceptance purposes (see Note 1) 


Charpy V-notch impact tests 


Yield stress Tensile strength | Elongation on 5.65 So (see Note 3) 
N/mm? min. N/mm? % min. 


Grade of steel 
Test temp. 


Impact ener 
°C p gy 


400 - 530 
440 - 590 
490 - 620 


510 — 650 


400 — 530 


440 — 590 


Plates — transverse tests 


490 — 620 


510 — 650 
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265 400 — 530 


315 440 — 590 Average energy 


355 490 — 620 27 J min 


390 510 — 650 


Sections and bars — longitudinal 
tests 


265 400 — 530 


315 440 — 590 


355 490 - 620 


Average energy 


390 10- 
° oe 41 J min 


275 490 — 640 


275 490 - 640 


285 450 — 610 


SNi 390 540 — 740 -110 


QNi 585 680 — 820 -196 


Note 1. These requirements are applicable to products not exceeding 50 mm in thickness. The requirements for thicker products for approved 
applications are subject to agreement. 


Note 2. See Ch 3, 1.9 Test material and mechanical tests 1.9.11 


6.4.7 The average value for the three impact tests is to comply with the appropriate requirements given in Table 3.6.3 
Mechanical properties for acceptance purposes (see Note 71) . One individual value may be less than the required value provided 
that it is not less than 70 per cent of this average value. See Ch 2, 1.4 Re-testing procedures for re-test procedures. 


6.4.8 Where standard subsidiary impact specimens are necessary, see Ch 2, 2.3 Procedure for testing at ambient 
temperature 2.3.4. 


6.4.9 Where plate is supplied from coil, both the tensile tests and the Charpy V-notch tests are to be taken from the de-coiled 
plate in accordance with the frequency specified for the Grade as required by this Section. 


6.5 Identification of materials 

6.5.1 The particulars detailed in Ch 3, 1.12 Identification of materials are to be marked on all materials which have been 
accepted. 

6.6 Certification of materials 

6.6.1 At least two copies of each test certificate are to be provided. They are to be of the type and give the information 


detailed in Ch 3, 1.13 Certification of materials together with general details of the heat treatment. As a minimum, chemical 
composition is to include the contents of any grain refining elements used and the residual elements as detailed in Table 3.3.2 
Chemical composition for higher strength steels or Table 3.6.1 Chemical compositions of nickel alloy steels. 


a Section 7 
Austenitic and duplex stainless steels 


7.1 Scope 


7.1.1 Provision is made in this Section for rolled products in austenitic and duplex (austenite plus ferrite) stainless steels 
intended for use in the construction of cargo tanks, storage tanks and process pressure vessels for chemicals and liquefied gases. 


7.1.2 Austenitic stainless steels are suitable for applications where the lowest design temperature is not lower than -165°C. 
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7.1.3 Austenitic stainless steels are also suitable for service at elevated temperatures, and for such applications the proposed 
specification should contain, in addition to the requirements of Ch 3, 7.1 Scope 7.1.6, minimum values for 0,2 and 1,0 per cent 
proof stresses at the design temperature. 


7.1.4 Duplex stainless steels are suitable for applications where the lowest design temperature is above O°C. Any requirement 
to use duplex stainless steels below O°C will be subject to special consideration. 


7.1.5 Duplex stainless steels are also suitable for service at temperatures up to 300°C, and for such applications the 
proposed specification should include, in addition to the requirements of 7.1.6, a minimum value for 0,2 per cent proof stress at 
the design temperature. 


7.1.6 A specification giving details of the chemical composition, heat treatment and mechanical properties, including, for the 
austenitic grades, both the 0,2 and 1,0 per cent proof stresses, is to be submitted for consideration and approval. 


7.2 Chemical composition 
7.2.1 The chemical composition of ladle samples is to comply with the requirements given in Table 3.7.1 Chemical 
composition. 


7.2.2 Consideration will be given to the use of steels whose compositions are outside the scope of Table 3.7.1 Chemical 
composition. 


Table 3.7.1 Chemical composition 


Type and grade of steel Chemical composition % (see Note) 


Cr Ni 


17,0-20,0 8,0-13,0 
17,0-20,0 8,0-12,0 
16,0-18,5 | 10,0-15,0 


16,0-18,5 | 10,0-14,5 0,10-0,22 


18,0-20,0 | 11,0-15,0 0,10 


18,0-20,0 | 12,5-15,0 0,10-0,22 


17,0-19,0 9,0-12,0 0,10 


347 17,0-19,0 9,0-13,0 0,10 


Duplex 


UNS S 31803 1,0 2,0 21,0-23,0 0,08-0,20 


UNS S 32750 0,80 1,2 0,035 24,0-26,0 0,24-0,32 


Note All figures are a maximum value except where a range is shown. 


7.3 Heat treatment 

7.3.1 All materials are to be supplied in the solution treated condition. 

7.4 Mechanical tests 

7.4.1 Tensile test specimens are to be taken in accordance with the appropriate requirements of Ch 3, 4.4 Mechanical tests 


and Ch 3, 6.4 Mechanical tests 6.4.7. 


7.4.2 For the duplex grades, one set of three Charpy V-notch impact test specimens machined from the longitudinal direction 
for each tensile test is to be tested at -20°C. The average energy value of the three specimens is to be not less than 41 Joules. 


7.4.3 Unless otherwise agreed, impact tests are not required from the austenitic grades of steel given in this Section. 
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7.44 Where standard subsidiary Charpy V-notch test specimens are necessary, see Ch 2, 2.3 Procedure for testing at 
ambient temperature 2.3.4. 


7.4.5 The results of all tensile tests are to comply with the requirements of Table 3.7.2 Mechanical properties for acceptance 
purposes or the approved specification. 
7.5 Metallographic examination for sigma phase 


7.5.1 The microstructure of duplex stainless steel grades listed in Table 3.7.1 Chemical composition are to be examined 
metallographically at x400 magnification to demonstrate that there is no evidence of sigma phase in the observable area. The 
frequency of testing shall be one test per heat. 


7.6 Corrosion tests 


7.6.1 For certain specific applications such as storage tanks for chemicals, it may be necessary to demonstrate that the 
material used is not susceptible to corrosion resulting from precipitation of deleterious phases. 


7.6.2 When required, a corrosion test is to be carried out for each tensile test. The material for the corrosion test is to be 
taken adjacent to that for the tensile test. 


7.6.3 Unless otherwise agreed or required for a particular chemical cargo, an intergranular corrosion test for austenitic 
stainless steels and a pitting corrosion test for duplex stainless steels are to be performed. The testing procedures are given in , 
see Ch 2, 9 Corrosion tests and, for the pitting corrosion test, unless otherwise specified, the test temperatures shall be 20°C for 
$31803 and 30°C for S32750. 


7.6.4 Wherever practical, exposed cut edges should be avoided. However, where any such edges are to remain after 
fabrication is completed it is to be shown by an appropriate test that the corrosion resistance is adequate for the cargoes 
expected to be encountered. 

7.7 Clad plates 


7.71 Carbon or carbon-manganese steel plates, clad on one or both surfaces with a suitable grade of austenitic or duplex 
stainless steel, may be used for the construction of cargo or storage tanks for chemicals. 


7.1.2 The carbon or carbon-manganese steel base plates are to comply with the requirements of Ch 3, 4 Steels for boilers 
and pressure vessels, and the austenitic cladding material generally with the requirements of this Section. 


7.7.3 The process of manufacture is to be specially approved and may be either by roll cladding or by explosive bonding. 


7.74 Where the use of clad materials is proposed, the material specification is to be submitted for consideration, together 
with details of the extent, and the acceptance standards for non-destructive examination. 


7.8 Identification of materials 
7.8.1 The particulars detailed in Ch 3, 1.12 Identification of materials are to be marked on all materials which have been 
accepted. 


Table 3.7.2 Mechanical properties for acceptance purposes 


Type and grade of steel | 0,2% Proof stress (N/mm?) | 1% Proof stress (N/mm?) | Tensile strength (N/mm?) | Elongation on 5,65 So % 


minimum minimum minimum minimum 


Austenitic 
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Duplex 


UNS S 31803 


UNS S 32750 


7.9 Certification of materials 


7.9.1 At least two copies of each test certificate are to be provided. They are to be of the type and give the information 
detailed in Ch 3, 1.13 Certification of materials and, where applicable, the results obtained from corrosion tests, and sigma phase 
assessment. Additionally, the specified maximum carbon equivalent is to be stated. As a minimum, the chemical composition is to 
include the contents of any grain refining elements used and of the residual elements, as detailed in Table 3.7.1 Chemical 
composition. 


| Section 8 
Plates with specified through thickness properties 


8.1 Scope 


8.1.1 Provision is made in this Section for 'Z' grade plate and wide flat material with improved ductility in the through thickness 
or 'Z' direction, see Figure 3.8.1 Schematic of testing directions.The use of this material is recommended for certain types of 
welded structures (see Ch 3, 1.2 Steel with guaranteed through thickness properties — 'Z' grade steel) in order to minimise the 
possibility of lamellar tearing either during fabrication or erection. 


8.1.2 Through thickness properties are characterised by specified values for reduction of area in a through thickness tensile 
test. 


8.1.3 Provision is made for two grades 225 and Z35. For normal ship applications the 225 grade is applicable, whilst the Z35 
grade is for more severe applications. 


8.1.4 This 'Z' grade material is to comply with the requirements of Ch 3, 2 Normal strength steels for ship and other structural 
applications, Ch 3, 3 Higher strength steels for ship and other structural applications, Ch 3, 4 Steels for boilers and pressure 
vessels, Ch 3, 5 Steels for machinery fabrications and Ch 3, 6 Carbon-manganese and nickel alloy steels for low temperature 
service as appropriate, and the additional requirements of this Section. 


8.1.5 The test procedure detailed in this Section may also be used to demonstrate that no unacceptable amount of banding 
of any detrimental phase, such as sigma is present, see Ch 3, 7.5 Metallographic examination for sigma phase. 


Through thickness direction 'Z' 


Principal rolling (longitudinal) 
direction 'L' 


a Transverse direction 'T' 


Figure 3.8.1 Schematic of testing directions 


8.2 Manufacture 

8.2.1 All plates and wide flats are to be manufactured at works which have been approved by LR for this quality of material. 
8.2.2 It is recommended that the steel should be efficiently vacuum de-gassed. The sulphur content is not to exceed 0,008 
per cent. 


8.2.3 Consideration will be given to proposals for alternative methods of improving through thickness properties. 
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8.3 Test material 


8.3.1 Unless otherwise agreed, through thickness tensile tests are only required for plate materials where the thickness 
exceeds 15 mm for carbon and alloy steels. 


8.3.2 For plates and wide flats, one test sample is to be taken close to the longitudinal centreline from one end of each rolled 
piece representing the batch, see Table 3.8.1 Batch size dependent on product and sulphur content and Figure 3.8.2 Plate and 
wide flat sampling position. The test sample must be large enough to accommodate the preparation of 6 specimens. 3 test 
specimens are to be prepared while the rest of the sample is to be retained for possible retests. The test specimens shall be 
located in the mid-thickness region of the plate. 


Table 3.8.1 Batch size dependent on product and sulphur content 


Product S > 0,005% S <0,005% 


Plates Each piece (parent plate) aximum 50 t of products 
of the same cast, 
hickness and heat 
reatment 


Wide flats of nominal Maximum 10 t of products aximum 50 t of products 
thickness < 25 mm of the same cast, of the same cast, 
thickness and heat hickness and heat 
treatment reatment 


Wide flats of nominal Maximum 20 t of products aximum 50 t of products 
thickness > 25 mm of the same cast, of the same cast, 
thickness and heat hickness and heat 
treatment reatment 


Principal rolling direction Test sample 


| Central line of product 


Test specimens 


Figure 3.8.2 Plate and wide flat sampling position 


8.3.3 The dimensions of the test specimens are to be in accordance with Chapter 2, Ch 2, 2.1 Dimensions of test specimens 
2.1.14 


8.3.4 Alternatively, test sampling may be carried out in accordance with an accepted National or International Standard. 


8.4 Mechanical tests 


8.4.1 The three through thickness tensile test soecimens are to be tested at ambient temperature and for acceptance are to 
give a minimum average reduction of area value of not less than that shown in Table 3.8.2 Reduction of area acceptance values. 
Only one individual value may be below the minimum average, but should not be less than the minimum individual value shown for 
the appropriate grade. 
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Table 3.8.2 Reduction of area acceptance values 
Grade 
Minimum average 
Minimum individual 
8.4.2 If the average value fails to comply with Ch 3, 8.4 Mechanical tests 8.4.1, three additional tests may be made on 


specimens from the same test sample. The results of these tests are to be added to those previously obtained to form a new 
average, which for acceptance is to be not less than 25 per cent for grade Z25 or 35 per cent for grade 235. No individual results 
in the re-test shall be below 25 per cent for grade 225 or 35 per cent for grade 235, see Figure 3.8.3 Diagram showing 
acceptance/rejection and retest criteria. 


8.4.3 Where batch testing is permitted, and failure after retest occurs, the tested piece is to be rejected. Each remaining piece 
in the batch may be individually tested and accepted based on satisfactory results. 


8.4.4 If the fracture of a test specimen occurs in the weld or in the heat affected zone the test is to be regarded as invalid and 
is to be repeated on a new test specimen. 


Result where 
Acceptable retest is Acceptable 
result | permitted re-test 


O--O OOOO 
Minimum 
average 


oo 
Minimum 
individual 


O = Individual result AV = average result 


Figure 3.8.3 Diagram showing acceptance/rejection and retest criteria 


8.5 Non-destructive examination 

8.5.1 All ‘Z’ grade plates are to be ultrasonically tested in the final supply condition with a probe frequency of 2-5 MHz. The 
testing is to be performed in accordance with and in compliance with either EN 10160 Level S1/E1 or ASTM A 578 Level C. 

8.6 Identification of materials 

8.6.1 Products which comply with the requirements of this Section are to have the notation Z25 or Z35 added to the steel 
grade designation. 

8.7 Certification of materials 


8.7.1 The following information is required to be included on the certificate in addition to the appropriate steel grade 
requirements: 


(a) Through thickness reduction in area (%), individual results and average. 
(b) Steel grade with 225 or Z35 notation. 


8.7.2 Steel grade requirements are to comply with Ch 3, 1 General requirements to Ch 3, 7 Austenitic and duplex stainless 
steels. 
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a Section 9 
Bars for welded chain cables 
9.1 Scope 
9.1.1 Provision is made in this Section for rolled steel bars intended for the manufacture of three Grades (U1, U2 and U3) of 


stud link chain cable for the anchoring and mooring of ships and five Grades (R3, R8S, R4, R4S and R86) of offshore mooring 
cable. 


9.1.2 For the ship grades, U1, U2 and U8, approval will permit the supply of bars of the appropriate grades and size to any 
chain cable manufacturer. 


9.1.3 For the offshore grades, R38, R8S, R4, R4S and R5, approval is confined to bar to be supplied to a nominated chain 
manufacturer and will be given only after successful testing of a completed chain. Separate approvals are required if bar is to be 
supplied to more than one cable manufacturer. Approval of a higher grade does not cover approval of a lower grade, as all grades 
must be individually approved. If it is demonstrated to the satisfaction of LR that the higher and lower grades are produced to the 
same manufacturing procedure using the same chemistry and heat treatment, consideration will be given to qualification of a lower 
grade by a higher grade. The parameters applied during qualification are not to be modified during production. 


9.1.4 For all grades, approval is normally given for diameters of bars no greater than those of the bars used in procedure 
tests. 
9.2 Manufacture 


9.2.1 All grades of bar material are to be made from killed steel, and, all grades of bar material except for Grade U1 chain 
cables are to be fine grained. For Grades R3, R8S, R4, R4S and Rd the austenite grain size is to be 6 or finer, in accordance with 
ASTM E112 or equivalent grain size index in accordance to ISO 643. Measurements for circular sections are to be taken at one- 
third of the radius. 


9.2.2 The bars are to be made to a specification approved by LR which should include the manufacturing procedure, 
deoxidation practice, heat treatment and mechanical properties. 


9.2.3 The rolling reduction ratio of bars for Grades R38, R38S, R4, R4S and R5 must be at least 5:1. 


9.3 Chemical composition 


9.3.1 For Grades U1, U2 and U3 the chemical composition should be generally within the limits given in Table 3.9.1 Chemical 
composition of killed steel bars. 


9.3.2 For Grades R38, R38S, R4, R4S and R5 the chemical composition is to comply with an approved specification, see Ch 3, 
9.2 Manufacture 9.2.2. 


9.3.3 For Grades R4, R4S and Rd chain cable the steel should contain a minimum of 0,2 per cent molybdenum. The reported 
composition is to include the contents of antimony, arsenic, tin, copper, nitrogen, aluminium and titanium. 


9.3.4 For Grades R4S and R35 the steel used must be vacuum degassed. 


9.4 Heat treatment 


9.4.1 Unless stipulated otherwise, the bars are to be supplied in the as-rolled condition, but the supplier is to be advised by 
the chain manufacturer of the heat treatment to be used for the completed chain in order that the mechanical test soecimens may 
be tested in the condition of heat treatment used for the chain. 


9.4.2 For Grades U1 and U2, the samples selected from each batch may be tested either in the as-rolled condition, or after 
heat treatment where the chain is to be used in the heat treated condition, in full cross-section and in a manner simulating the heat 
treatment applied to the finished cable. 


9.4.3 For Grades U3, R38, R38S, R4, R4S and R5 the sample is to be tested after heat treatment as detailed in Ch 3, 9.4 Heat 
treatment 9.4.2. 
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Table 3.9.1 Chemical composition of killed steel bars 


Chemical composition % 


Nb 


max. 


0,15-0,35 0,40 min. 0,04 | 0,04 = 


0,02 min. see 
Note 1 


U2 0,15-0,55 1,60 max. | 0,035 | 0,035 


0,065 max. | 0,05 see | 0,10 see 


U3 0,15-0,55 1,90 max 0,035 | 0,035 
see Note 2 Note 2 Note 2 


Note 1. Aluminium may be partly replaced by other grain refining elements. 


Note 2. To obtain fine grain steel, at least one of these grain refining elements must be present in sufficient amount. 


9.5 Embrittlement tests 


9.5.14 For Grades R83, R8S, R4, R4S and R65 the bar manufacturer is to provide evidence that the material is not susceptible to 
strain ageing or to temper brittleness under the conditions of manufacture of the chain. The results of the relevant tests are to be 
reported to LR at the approval stage. Approval will be restricted to the specified steel composition and if later this is altered then 
re-approval will be required. Temper brittleness testing may be waived if the chain is to be quenched after tempering. 


9.5.2 Each heat of steel bars of grades R8S, R4, R4S and Ré is to be tested for hydrogen embrittlement (see Ch 2, 5.3 
Hydrogen embrittlement tests). In the case of continuous casting, test samples representing both the beginning and the end of the 
heat are to be taken. In the case of ingot casting, test samples representing two different ingots are to be taken. 


9.5.3 Each sample is to be heat treated in a manner simulating the heat treatment of the finished chain. From each sample 
two specimens are to be prepared from the mid-diameter of the bar and tested in accordance with Ch 2, 5.3 Hydrogen 
embrittlement tests. 


9.5.4 The ratio Z 4/Z 9 is to be greater than or equal to 0,85, where Z ; is the reduction in area without baking and Z 2 the 
reduction in area after baking. 


9.5.5 If the requirement is not met, the material is to be subjected to a hydrogen degassing treatment which is subject to 
approval by LR. Further tests are to be performed after degassing. 
9.6 Mechanical tests 


9.6.1 Bars of the same nominal diameter are to be presented for test in batches of 50 tonnes or fraction thereof from the 
same cast. A suitable length from one bar in each batch is to be selected for test purposes. Test pieces are to be taken from the 
positions as shown in Figure 3.9.1 Sampling of steel bars. 
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9.6.2 


Specimen for notched bar 
impact test 


Test 


specimen 


fr = 


specimen radius 


Figure 3.9.1 Sampling of steel bars 


For all grades, one tensile test is to be taken from each sample length selected. Additionally, for Grades U3, R83, R3S, 


R4, R4S and R5 material, one set of three Charpy V-notch impact test specimens is to be prepared. Impact tests are also required 
for Grade U2 when the chain is to be supplied in as-welded condition. 


9.6.3 


of Table 3.9.2 Mechanical properties. 


Table 3.9.2 Mechanical properties 


Yield stress 
N/mm? 
minimum 


Tensile strength 
N/mm? 


Elongation on 


5,65 So % 


minimum 


Reduction of 
area % 
minimum 


The results of all tensile and, where applicable, impact tests are to be in accordance with the appropriate requirements 


Charpy V-notch impact tests 


Test 
temperature °C 


Average energy 
J minimum 


Average energy 


flash weld J 
minimum 
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410 (see Note 
3) 


490 (see Note 
3) 


370-490 
490-690 


690 minimum 


690 minimum 
(see Note 3) 


770 minimum 
(see Note 3) 


O (see Note 1) 
) 


-20 (see Note 
2) 


-20 (see Note 
2) 


-20) (see Note 
2) 
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R4 


Grade R4S (see 
Note 4) 


580 (see Note 
3) 


700 (see Note 
3) 


860 minimum 
(see Note 3) 


960 minimum 
(see Note 3) 


50 


56 


1000 minimum 
(see Note 3) 


Grade R5 (see | 760 (see Note 


12 50 -2 8 
Note 4) 3) e) 5 


Note 1. Impact tests may be waived when the chain cable is to be supplied in one of the heat treated conditions given in Table 10.2.3 Condition 
of supply and scope of mechanical tests for finished chain cables and fittings. 


Note 2. Testing may be carried out at either O°C or -20°C, at the option of LR. 
Note 3. The ratio of yield strength to tensile strength should be 0,92 maximum unless specially approved. 


Note 4. The aim maximum hardness for R4S is to be HB330, and for R5 is to be HB340. 


9.6.4 Failure to meet the requirements will result in the rejection of a batch of material, unless it is clearly attributed to improper 
simulated heat treatment. This is to be confirmed to be to the satisfaction of LR, and further heat treatment and testing will be 
required prior to acceptance. 


9.7 Structure and hardenability tests 
9.7.1 For Grades R4S and R35, the following tests are to be carried out on each heat: 


(a) Assessment and quantification of the level of non-metallic micro inclusion. These must be acceptable for the final product. 

(b) Macro etching on a representative sample, in accordance with ASTM E381 or equivalent. This must be free from any injurious 
segregation or porosity. 

(c) Jominy hardenability tests in accordance with ASTM A255 or equivalent. 


9.8 Dimensional tolerances 
9.8.1 The tolerances on diameter and ovality of the bar are to be in accordance with Table 3.9.3 Dimensional tolerance of bar 
stock. 


Table 3.9.3 Dimensional tolerance of bar stock 


Nominal diameter Tolerance on Tolerance on 


mm diameter mm roundness (2 max- a 
min) mM 
<20 —0/+1,0 0,60 
>20 <25 —0/+1,0 0,60 
>26 <35 —-0/+1,2 0,80 
>36 <50 -0/+1,6 1,10 
>51 <80 -0/+2,0 1,50 
>81 <100 -0/+2,6 1,95 
>101 <120 —0/+3,0 2,25 
>121 <160 -0/+4,0 3,00 
>161 <210 -0/+5,0 4,00 
9.9 Non-destructive examination 
9.9.1 For the grades U1, U2 and U3 all bars are to be free from internal and surface defects that might impair proper 


workability, use and strength. Subject to agreement by the Surveyor, surface defects may be removed by grinding provided the 
acceptable tolerances are not exceeded. 
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9.9.2 For the R8, R8S, R4, R4S and R65 grades all bars are to be inspected by a magnetic particle or eddy current method 
and are also to be subjected to ultrasonic examination. 


9.9.3 All non-destructive examination is to be carried out in accordance with approved procedures, in accordance with Ch 7, 
5 Non-destructive examination. 


9.9.4 All non-destructive examination operators are to be qualified in the method of non-destructive examination to a 
minimum of Level Il in accordance with a recognised standard. 


9.9.5 The bars are to be free from pipes, cracks, flakes, and injurious surface defects such as seams, laps, and rolled in mill 
scale. Longitudinal discontinuities may be removed by blending to a smooth contour provided that their depth is not greater than 1 
per cent of the bar diameter, and that the required diameter tolerances are not compromised. The contour radiuses are to be a 
minimum of four times the excavation depth. 


9.9.6 The frequency of non-destructive testing may be reduced at the discretion of LR, provided statistical evidence is 
available that the required quality is achieved consistently. 

9.10 Identification 

9.10.1 Each bar is to be identified in accordance with Ch 3, 1.12 Identification of materials and, in addition, is to be marked 
with the appropriate grade of chain cable. 

9.11 Certification of materials 


9.11.1 Each consignment of bars is to be accompanied by a certificate of a type and in accordance with Ch 3, 7.13 
Certification of materials but with the addition of the grade of chain cable, the rolling reduction ratio, the results of the hydrogen 
embrittlement, micro inclusion, macro etch and hardenability tests, where required by each grade. 


a Section 10 
High strength steels for welded structures 


10.1 Scope 


10.1.1 Provision is made in this Section for hot-rolled, fine-grain treated, weldable high strength structural steels intended for 
use in marine and offshore structural applications. These requirements are not intended to apply to steels for the hull structure of 
ships. 


10.1.2 The required notch toughness is designated by subdividing the strength levels into Grades AH, DH, EH and FH. 


10.1.3. The steels may be supplied in eight strength levels with minimum yield stresses of 420, 460, 500, 550, 620, 690, 890 
and 960 N/mm? respectively. For yield strength level of 890 and 960 N/mm? grade F is not applicable. 


10.1.4 Steels covered by the scope of these Rules requirements may be supplied either in the normalised (N), normalising 
rolled (NR), thermomechanically controlled rolled (TM) or quench and tempered (QT) condition. 


10.1.5 The requirements of this Section are primarily intended to apply to plates, wide flats, sections, bars and seamless 
tubulars, generally not exceeding the thickness limits given in Table 3.10.1 Maximum Thickness Limits. Steels with a thickness 
beyond the maximum thickness as given in Table 3.10.1 Maximum Thickness Limits are to be specially considered by LR. 


Table 3.10.1 Maximum Thickness Limits 


Maximum thickness (mm) (see Note 1) 


Steel Grade Condition of supply 
Sections Bars Tubulars 


AH42, AH46 50 250 65 


DH42, DH46 (see Note 2) 


EH42, EH46 - 


FH42, FH46 
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AHS0, AHSS, 


AH62, AH69 


DHS50, DH55, 
DH62, DH69 
EHS0, EH55, 


EH62, EH69 


FHS0, FHSS, 


FH62, FH69 


AH89 


DH89 


EH89 


AH96 
DH96 


EH96 


Note 1. Thicknesses in excess of these limits or those indicated by ‘-’ may be considered for approved applications. 


Note 2. The maximum thickness limits of sections and bars produced by the NR process route are generally lower than those applicable when 
manufactured by the N route and are subject to special consideration by LR. 


10.2 Manufacture 


10.2.1 The steel is to be made to a specification approved by LR which should include the manufacturing procedure, 
deoxidation practice, heat treatment and mechanical properties. 


10.2.2 Vacuum degassing treatment shall be applied for all steels with enhanced through thickness properties and for grades 
with yield strength level of 690, 890 and 960 N/mm2. 


10.2.3. The steel is to be supplied in the fully killed and fine grain treated condition as detailed in the approved manufacturing 
specification. 
10.3 Chemical composition 


10.3.1. The chemical analysis is to be in accordance with the approved manufacturing specification. All the elements listed in 
Table 3.10.2 Chemical Composition are to be reported. 


10.3.2. All alloying elements, including residuals, are to be as detailed in the approved manufacturing specification. Where 
Boron is added, this is not to exceed 0,005 per cent. 


10.3.3 The steel shall contain nitrogen binding elements as detailed in the approved manufacturing specification. 
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Table 3.10.2 Chemical Composition 


Condition of supply/Steel Grade 


TM 


EH42 FH42 


EH46 FH46 


EH50 FHSO 


EH55 FHSS 
EH62 FH62 
EH69 FH69 


Chemical Composition 
DH89 EH89 


DH96 EH96 


Carbon % max 


Manganese % 


Silicon % max 


Phosphorus % max (see Note 1) 


Sulphur % max (see Note 1) 


Aluminium tota % min (see Note 2) 


Niobium % max (see Note 2) 


Vanadium % max (see note 3) 


0,12 0,12 
0,20 


Titanium % max (see Note 3) 0,05 0,05 


Nickel % max (see Note 4) 2,00 (see Note 4) 2,00 (see Note 4) 


Copper % max 0,55 0,50 


Chromium % max (see Note 3) 0,50 1,50 


Molybdenum % max (see Note 3) 0,50 0,70 


Nitrogen % max 0,025 0,015 
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Oxygen ppm max (see Note 5) Not applicable Not applicable 50 Not applicable 


Note 1. For sections the P and S content can be 0,005 per cent higher than the value specified in the Table, 


Note 2. The total aluminium to nitrogen ratio shall be a minimum of 2:1, When other nitrogen binding elements are used, the minimum Al value 
and Al/N-ratio do not apply, 


Note 3. Total No+V+Ti < 0,26 % and Mo+Cr <0,65%, not applicable for QT steels, 
Note 4. Higher Ni content may be approved at the discretion of LR, 


Note 5. The requirement on maximum Oxygen content is only applicable to DH89; EH89; DH96 and EH96. 


10.3.4 The carbon equivalent value is to be calculated from the ladle analysis using the formula given below. Maximum values 
are specified in Table 3.10.3 Maximum Ceq, CET and Pcm values. 


Mn .Cr+Mo+V , Ni+Cu 
6 5 "15 


Ceq=c+ (%) 

For steel grades H46 and higher, CET may be used instead of Ceq at the discretion of the manufacturer, and is to be calculated 

according to the following formula: 

a (Mn+Mo) | (Cr+Cu) , Ni 
10 "20 40 


CET (%) 

For TM and QT steels with carbon content not exceeding 0,12 per cent, the cold cracking susceptibility Pcm for evaluating 

weldability may be used instead of carbon equivalent of Ceq or CET at the manufacturer’s discretion, and is to be calculated using 

the following formula: 

Pem =C+Si4Mn, Cu, Ni, Cr, Mo 
ES 38 20, 20°60 Ie TS. 10 


Table 3.10.3 Maximum Ceg, CET and Pcm values 


Steel yield 
strength 
level/ t<250 


Condition of 50<t<100 100<t<250 t<50 or d<250 t<65 


Plates Sections Bars Tubulars 


supply (mm) (mm) (mm) 
(mm) 


H42N/NR 0,52 0,47 0,53 


12TM 0,47 0,44 N/A 


0,49 N/A N/A 


0,54 0,51 0,55 


0,48 0,46 N/A 


0,50 N/A N/A 


0,50 


0,54 
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H89TM 0,60 


H89QT 0,68 


H96Q1 0,75 


Note N/A = Not applicable 


10.4 Mechanical tests 


10.4.1 For steels in the normalising rolled (NR) or thermomechanically controlled rolled (TM) conditions, one tensile test is to be 
made for each batch of 25 tonnes or fraction thereof. Additional tests are to be made for every variation of 10 mm in the thickness 
or diameter of products from the same cast. One set of three Charpy V-notch impact tests specimens are to be taken from each 
piece. A piece is to be regarded as the rolled product from a single slab or billet, or from a single ingot if this is rolled directly into 
plates. Charpy V-notch impact test specimens from plates and flats with a finished width more than 600 mm are to have their axes 
transverse to the main rolling direction. 


10.4.2. For normalised (N) and quenched and tempered (QT) plates, one tensile test piece and a set of three Charpy V-notch 
impact test specimens are to be taken from each plate as heat treated. Charpy V-notch impact test specimens from quenched 
and tempered plates and flats with a finished width more than GOO mm are to have their axes transverse to the main rolling 
direction. 


10.4.3 For sections, bars and tubulars, one tensile test piece and one set of three Charpy V-notch impact test specimens are 
to be taken from each batch of 25 tonnes or fraction thereof. Additional tests are to be made for every variation of 10 mm in the 
thickness or diameter of products from the same cast. For sections, the thickness to be considered is the thickness of the product 
at the point at which samples are taken for mechanical tests. A piece is to be regarded as the rolled product from a single slab or 
billet, or from a single ingot if this is rolled directly into sections, bars or tubulars. 


10.4.4 For material with a thickness in excess of 50 mm, impact tests shall be taken at the quarter thickness (t/4) location and 
additionally at mid-thickness (t/2) location. As an alternative to a full thickness or a sub-sized flat tensile specimen, the specimens 
are to be located at a position lying at a distance of t/4 from the surface and additionally at t/2 for thickness above 100 mm or as 
near as possible to these positions. 


10.4.5 For steels designated with improved through thickness properties, through thickness tensile tests are to be performed in 
accordance with the requirement of Ch 3, 8 Plates with specified through thickness properties. Through-thickness tensile strength 
is required to be not less than 80 % of the specified minimum tensile strength. 


10.4.6 The results of the tests are to comply with the appropriate requirements of Table 3.10.4 Mechanical Properties for 
acceptance purpose. 
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Table 3.10.4 Mechanical properties for acceptance purpose 


Yield Stress 


Tensile Strength Charpy V- 
notch impact 


2 
uy 5,65,/S0 test 


N/mm? min Elongation on 


(see Notes 1 and 2) 


Yemin 
Average 


Nominal thickness (mm (see Note 3) energy J 
Minimum 


>50s 100 | >100<150 | >150<250 23550 >50s 100 | >100<150 | >150<250 T L 


520~680 | 520~680 | 470~650 | 470~650 


540~720 | 540~720 | 500~710 | 500~710 


590~770 | 590~770 | 540~720 


640~820 | 640~820 | 590~770 


700~890 | 700~890 | 650~830 


770~940 | 770~940 | 710~900 


940~1100 | 940~1100 


980~1150 


Symbols 
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T = Transverse 


L = Longitudinal 


Notes 


Impact tests are to be made on the various grades at the following temperatures: 


AH grades 0°C 

DH grades -20°C 
EH grades -40°C 
FH grades -60°C 


Note 1. For tensile test either the upper yield stress (ReH) or where ReH cannot be determined, the 0,2 per cent proof stress (RpO,2) is to be 
determined. 


Note 2. The ratio of actual yield strength to tensile strength shall not exceed 0,94. A higher yield strength to tensile strength ratio may be 
lacceptable on a project specific basis, subject to special consideration. 


Note 3. For full thickness flat test specimens with a width of 25 mm and a gauge length of 200 mm the elongation is to comply with the 
minimum values shown in Table 3.10.5 Elongation minimum values for a width of 25 mm and a 200 mm gauge length. 


Table 3.10.5 Elongation minimum values for a width of 25 mm and a 200 mm gauge length 


Thickness (mm) 


(See Note 1) 


Strength 
levels 


H42 


H46 


H50 


Elongation H55 
(%) 


H62 


H69 


(see note 2) 


H89 


See Note 3 
H96 


Note 1. The tabulated elongation minimum values are the requirements for testing specimen in transversed direction. 


Note 2. Re-test can be carried out on the standards proportional test specimen witha gauge length of Lp=5.65VSp to meet the 
requirement of Table 3.10.4 Mechanical Properties for acceptance purpose when the elongation does not meeting the requirement in this 
table. See Ch 2, 2.4 Equivalent elongations. 


Note 3. Steel with strength level of 89 and 96 shall be tested by proportional specimens witha gauge length of Lp=5.65VSp. 


10.5 Identification of materials 

10.5.1. The particulars detailed in Ch 3, 1.12 Identification of materials are to be marked on each piece which has been 
accepted and, for ease of recognition, are to be encircled or otherwise marked with paint. 

10.6 Certification of materials 


10.6.1. At least two copies of each test certificate are to be provided. They are to be of the type and give the information 
detailed in Ch 3, 1.13 Certification of materials and, additionally, are to state the specified maximum Ceg, CET or Pom. As a 
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minimum, chemical composition is to include the contents of any grain refining elements used and of the residual elements as 
detailed in Table 3.10.2 Chemical Composition. 


a Section 711 
High strength steel for special marine applications 


11.1 Goal-based framework 

14.1.1 The purpose of this Section is to present a goal-based approach to the requirements for high strength steel for special 
marine applications, not covered elsewhere in the Rules for the Manufacture, Testing and Certification of Materials, July 2022. 
Whilst the primary intent of the application of the material listed herein is for pressure vessels/submersible craft intended for human 


occupancy, use and application of this material for other constructions may be specially considered within the scope of the goal- 
based framework. 


11.1.2. The goals, functional requirements and performance requirements listed herein relate to the manufacture and testing of 
applicable base materials. 


11.1.3 In addition to this goal-based framework, the relevant requirements of the Rules for the Manufacture, Testing and 
Certification of Materials, July 2022 are to be complied with to achieve certification. In order to satisfy the goal-based framework in 
this Chapter, it is also necessary to comply with the applicable Rules related to materials, manufacture, testing, survey and 
classification. 


11.1.4 — The list of goals is as follows: 

(a) The material shall withstand the applied design loads and integrity requirements for minimising the risk of loss of the structure 
due to failure. 

(bo) The material for components, products and systems shall minimise the hazard to persons, assets or environment in any 
foreseeable operating conditions. 

11.1.5 The list of functional requirements (FR) is as follows: 

a) The material shall be manufactured and finished so as to provide assurance that the appropriate quality and mechanical 
property requirements are achieved. 

b) The material shall be weldable. 

c) The material shall function in a safe and acceptable manner, for compliance with manufacturing and design criteria. 


11.1.6 The list of performance requirements (PR) is as follows: 


a) The material shall have the mechanical properties, for Material Class (Special Application), as specified in Table 3.11.1 
Essential mechanical properties for Material Class Special Applications 1 and 2, and any other project requirements. 

b) The material shall have the chemical composition for the appropriate Material Class (Special Application 1 or 2), as specified 
in Table 3.11.2 Chemical composition for Material Class Special Applications 1 and 2, and any other project requirements. 

c) The material shall demonstrate the ability to: 


(i) | Withstand explosive loading, when applicable. 
(ii) | Meet suitable toughness requirements as required by the application and by the specified testing regime. 


(iii) | Withstand tensile loads under the specified operating conditions and meet the requirements of a specified testing 
regime. 


(iv) Be suitably ductile for loads under the specified operating conditions and meet the requirements of a specified testing 
regime. 
(d) Meet specified identification, dimensional and quality requirements. 
All material shall be in the quenched and tempered supply condition or be subject to alternative rolling and heat treatment 
parameters according to the approved manufacturing specification in order to achieve the required mechanical properties. 
(f) | The weldability of the material shall be confirmed by either an evidence-based regime according to a recognised method, or 
by a performance-based regime, agreed with LR: 


i 


(i) | The maximum carbon equivalent value (CEV), when calculated using UK Defence Standards criteria, shall be as 
specified in Table 3.11.3, Carbon equivalent values for Material Class Special Applications 1 and 2.). 
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(ii) | The maximum CEV values, when calculated using LR Rules, shall be as per the values of HS5QT or H69QT (for Material 
Class Special Applications 1 and 2 respectively), within Table 3.10.3 Maximum Ceq, CET and Pcm values. 


(g) A typical tensile strength value will be in the range of 640-820 N/mm2, for Material Class Special Application 1. 
(h) Atypical tensile strength value will be in the range of 725-860 N/mm2, for Material Class Special Application 2. 


Table 3.11.1 Essential mechanical properties for Material Class Special Applications 1 and 2 


Material Class Yield strength (or 
ath ( Elongation Charpy value J Charpy test 


(Special Application) | 0,2% proof strength) Hardness value (HB) 
(see Note 1) (minimum) N/mm? 


(minimum) % (minimum) temperature °C 


High Strength Steel — 


: ee 550 20 80 -80 207 - 248 
Special Application 1 


High Strength Steel — 


; aie. 80 
Special Application 2 


For thickness 


228 - 270 
>60mm 


70 -80 


Note 1. In addition to the above performance requirements for essential mechanical properties (for Material Class Special Applications 1 
and 2), the following tables provide further details for tensile, hardness, and Charpy impact requirements, should the LR accepted 
solution route be followed. 


Table 3.11.11 Tensile and hardness properties for High Strength Steel for Material Class Special Applications 1 and 2 
Table 3.11.12 Charpy impact properties for High Strength Steel for Material Class Special Applications 1 and 2 


Table 3.11.2 Chemical composition for Material Class Special Applications 1 and 2 


Material Class (Special Application) 


High Strength Steel — 


High Strength Steel — Special Application 2 
Special Application 1 9 ek Eee eee 


Element (%) by weight 


Material grade chemical 


composition Plate Thickness (mm) 
All thickness ranges 


6 to 32 inclusive Over 32 to 76 Over 76 to 140 
(see Note 1) 
(see Note 5) (see Note 5) (see Note 5) 


Carbon <0,18 0,10 -0,18 0,14 -0,20 0,14 - 0,20 
Manganese 0,10-0,40 0,10 - 0,40 0,10 - 0,40 0,10 - 0,40 
Aluminium (see Note 2) 0,015-0,060 0,015 — 0,060 0,015 - 0,060 0,015 — 0,060 
Phosphorus (see Note 3) <0,015 0,015 0,015 0,015 
Sulphur <0,008 0,004 0,004 0,004 
Silicon 0,15-0,35 0,15 - 0,38 0,15 - 0,38 0,15 - 0,38 
Nickel 2,25-3,25 2,25 — 3,50 2,75 — 3,50 3,00 — 3,50 
Chromium 1,00-1,80 1,00 - 1,80 1,40 - 1,80 1,50 - 1,90 


Molyodenum 0,2-0,6 0,20 — 0,60 0,35 — 0,60 0,50 — 0,65 


Nitrogen (see Note 2) <0,012 0,010 0,010 0,010 


Residual elements 
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Titanium <0,020 0,02 0,02 0,02 
Vanadium <0,020 0,03 0,03 0,03 
Copper <0,20 0,25 0,25 0,25 
Arsenic <0,03 0,025 0,025 0,025 
Antimony <0,010 0,025 0,025 0,025 
Lead <0,005 Not specified Not specified Not specified 
Tin <0,02 0,030 0,030 0,030 


Cobalt (see Note 4) <0,03 0,030 0,030 0,030 


Note 1. The listed product percentage by weight values also apply to ladle percentage weight values, with the exception of sulphur, where 
the maximum percentage weight value is <0,006. 


Note 2. The steel is to be fully killed, using aluminium fine grain practice, with a minimum aluminium content of 0,015 per cent and greater 
than twice the percentage nitrogen. 


Note 3. Where plates are specified as subject to stress relief, the preferred maximum phosphorus content is 0,010 per cent and is not to 
exceed 0,012 per cent. 


Note 4. For Naval submersible craft with nuclear propulsion, and where the project authority requires, each castis to be analysed for 
cobalt. Where the content exceeds 0,030 per cent, instructions are to be obtained from the project authority before release of the 
product. For commercial submersible craft, there is no requirement for cobalt content analysis. 


Note 5. Single values are maximum percentages. These elements should not be added deliberately. 


11.2 LR accepted solutions for high strength steel for special marine applications 


de2Zal Provision is made in this Section for weldable high strength steels intended for use in special marine applications, which 
are not covered elsewhere in this Chapter. 


11.2.2 An accepted solution for satisfactorily meeting the goal-based framework is specified in sub-Sections Ch 3, 17.3 
General requirements to Ch 3, 11.12 Visual and NDE requirements of this Section. 


11.2.3. The application, in entirety, of the prescriptive content in this Section (including any references leading out) is considered 
to meet the listed goals. 


11.2.4 Alternative proposals for meeting the goal-based framework in Ch 3, 11.1 Goal-based framework will be specially 
considered. 


11.2.5 The requirements presented herein represent an accepted material solution to meet the requirements of High Strength 
Steel - Special Application 1 and Special Application 2, of which Q1(N) and HY100 (UK) grades of rolled plate are respective 
examples. 

11.3 General requirements 


11.3.4 In addition to the requirements of this sub-Section, fulfilment of an accepted solution also requires compliance with the 
relevant Sections of the Rules for the Manufacture, Testing and Certification of Materials, July 2022, specifically; 


° Ch 1 General Requirements, 
e = Ch 2 Testing Procedures for Metallic Materials and 
° Ch 3, 1 General requirements, 


regarding approval and manufacture, testing, inspection and general requirements for materials. 
11.3.2 Supplied High Strength Steel — Special Application 1plate product is to be in the thickness range 6,00 mm to 150 mm. 
11.3.3. Supplied High Strength Steel — Special Application 2 plate product is to be in the thickness range 6,00 mm to 140 mm. 


11.4 Manufacture and chemical composition 


11.4.4 All plate products are to be produced by LR approved steelmaking processes, and any specific requirements for casting 
type shall be specified by the project. 
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11.4.2 — High Strength Steel - Special Applications has strict chemical composition ranges and limits for feedstock (‘ladle’) and 
rolled product. These are indicated in Table 3.11.2 Chemical composition for Material Class Special Applications 1 and 2. Each 
cast is to be analysed using ladle samples. For product analysis, test samples are to be taken from mid-thickness at the top centre 
portion of each plate, as shown in Figure 3.11.1 Location of test pieces for mechanical testing, chemical analysis and 
metallography. 


11.4.8 Carbon equivalent is to be calculated using the following formula, and the results compliant with the values listed in 
Table 3.11.3 Carbon equivalent values for Material Class Special Applications 1 and 2: 


_Mn ,Ni,Cr,Mo, Si, V 
CEV =C4 a ats: as Coat as 


Note This CEV formula is only to be used for High Strength Steel - Special Application class steels. Other references to CEV 
formulae within LR Rules are not applicable to High Strength Steel - Special Application class steels. Similarly, this formula shall 
not be used to determine CEV for any other steel or product contained in other Rules, Chapters or Sections not related specifically 
to High Strength Steel —- Special Application 1 or Special Application 2 class steel. 


Table 3.11.3 Carbon equivalent values for Material Class Special Applications 1 and 2 


High Strength Steel — 


High Strength Steel — Special Application 1 . ae 
Special Application 2 


Carbon equivalent values 
Plate thickness (mm) Plate thickness (mm) Carbon equivalent values 
Target Maximum 
6-30mm 0,62 0,64 
All thickness ranges 0,75 max 
30,1 - 150 mm 0,66 0,70 


11.5 Heat treatment 
11.5.1 Plates are to be supplied in the quenched and tempered condition with the following specific requirements: 


(a) (a) For Special Application 1, the plates shall be hardened by heating above the upper critical temperature, but not to more 
than 950°C, followed by water spray quenching. Subsequent quenching shall be in the range 600°C to 675°C. Heat 
treatment records are to be supplied for each batch. Pickling or flame descaling is not permitted after heat treatment. 

(b) For Special Application 2, the manufacturer may determine the detailed procedure to produce plates meeting the mechanical 
property requirements with the exception that the final tempering temperature is to be in the range 660°C to 680°C. Plates, 
after receiving tempering and heat treatment, shall be cooled at a rate equal to or faster than air cooling. 


11.5.2 Heat treatment, quenching and tempering operations are to be undertaken under controlled conditions. Furnaces are to 
be thermally monitored (including temperature uniformity) and calibrated to an appropriate International Standard. 


11.6 Cleanliness 


11.6.4 Plates are to be subject to inclusion content assessment in accordance with ASTM E45 (latest edition) requirements, as 
outlined in Table 3.11.4 Cleanliness requirements. 


Table 3.11.4 Cleanliness requirements 


Worst field (as per ASTM E45) Total fields see Notes 1 and 2 


Type see Note 3 Severity level see Note 3 


B+C+D<25 


B, C, D (according to JK inclusion rating) <2 


Note 1. The presence of any silicate material is not acceptable. 
Note 2. Equivalent inclusion tyoes to ASTM E45 may be used, as defined in standard EN 10247 (i.e. EB, EC, ED) 


Note 3. Nomenclature relates to inclusion type and severity. Inclusion type and severity level terminology as stated in ASTM E45 (latest 
edition). 
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11.6.2 Material is to exhibit homogeneous microstructure throughout the section thickness and be free from macro 


segregation. 


11.7 Dimensions, flatness, thickness and weight control 


11.7.4 Plates are to be supplied to nominal dimensions as required in Table 3.17.5 Dimensional tolerances for Material Class 


Special Applications 71 and 2. 


Table 3.11.5 Dimensional tolerances for Material Class Special Applications 1 and 2 


Tolerance on length and width of plate for Special application 1 


Length of plate 


Tolerance 


Up to and including 3000 mm 


Over 3000 mm up to and including 6000 
mm 


Over 6000 mm 


) 


Tolerance on length and width of plate for Special application 2 


Thickness of plate 


Tolerance 


Up to and including 51 mm 


Over 51 mm thick up to and including 102 
mm 


Over 102 mm 


11.7.2 Plates are to comply with the flatness tolerances in Table 3.11.6 Flatness tolerance for plate and measurement 
information for Special Application 1 and Table 3.11.7 Flatness tolerance for plate and measurement information for Special 


Application 2. 


Table 3.11.6 Flatness tolerance for plate and measurement information for Special Application 1 


Thickness 


Flatness tolerance 


Less than or equal to 12 mm 


10 mm/metre 


Greater than 12 mm but less than or equal to 150 mm 


6 mm/metre 


Method of measurement 


Table 3.11.7 Flatness tolerance for plate and measurement information for Special Application 2 


Thickness 
(mm) 


1,200 to 
1,500 


1,500 to 
1,800 


(a) If the pitch of waviness is less than 1 m, the measurement 


should be made by a 1 m straight edge across affected edges. 


(bb) If the pitch of waviness is greater than 1 m, the measurement 
should be made by a 2 m straight edge across the affected edges. 


1,800 to 
2,100 


2,100 to 
2,400 


2,400 to 
2,700 


Flatness Tolerances for specified widths (mm) (see Notes 1, 2 and 3) 


2,700 to 
3,000 


3,000 to 
3,600 


6 to 10 29 


35 


44 


48 


51 


57 


60 


Over 10 
up to 13 


24 


24 


29 


33 


38 


a 


48 
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19 19 22 22 24 29 32 32 


The flatness as specified in the table is to be an overall flatness factor. This factor is not to apply to 
‘kinks' or 'waviness'. The waviness or kinking permitted is to be evaluated by laying a one metre 
straight edge across the affected edges. The maximum permissible deviation from the straight edge 
is 6,5 mm. 


Measurement 


Note 1. Flatness tolerances for length and width. The longer dimension specified is considered the length and variations from a flat 
surface along the length are not to exceed the tabular amount for the specified width in any 4,0 metres of length. 


Note 2. When the longer dimension is under 1 metre, the variation in flatness is not to exceed 6 mm. 


Note 3. The above table and notes cover the flatness tolerances of circular and sketch plates, based on the maximum dimensions of 
those plates. 


11.7.3. All plates shall be subject to thickness gauging and weight control. Conformance criteria are shown in Table 3.11.8 
Tolerances for thickness and weight control for Special Application 1 and Table 3.11.9 Tolerances for thickness and weight control 
for Special Application 2. 


11.7.4. Thickness gauging may be taken by the use of calibrated mechanical or ultrasonic instruments, with the following grid 
sections to be applied: 


(a) For undressed plates, grid lines are to be marked 25 mm from each edge and end, thereafter at intervals of G00 mm x 600 
mm grid squares. 

(b) For dressed areas, the grid size is reduced to 150 mm x 150 mm for plates up to and including 12 mm thick, and 300 mm x 
300 mm for plates over 12 mm thick. 


Table 3.11.8 Tolerances for thickness and weight control for Special Application 1 


Tolerances 


Maximum weight 


Plate thickness 


(mm) Bulk orders Small 


Thickness 


_ orders or 
Individual plates eg tat 
individual plates 


6,1-12 +2% -7% +2% +0 12% 


12,1-25 +1% -3% 11% +0 11% 


25,1 and over +1% -3% +1% +0 0) 


Plates for insert pads +5% -0 Not applicable Not applicable Not applicable 


Note 1. Where required by the project requirements, plates are to be weighed after final heat treatment with any surface dressing and 
abrasive blasting completed. Scale accuracy should be +1,0 per cent of the nominal weight of subject plate. 
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Table 3.11.9 Tolerances for thickness and weight control for Special Application 2 


Nominal Plate Thickness (mm) Thickness Tolerance 


6 to 25 inclusive +0,75 mm - 0,25 mm 


Over 25,1 up to and including 75 +3% - 0,25 mm 


Over 75 +2,25 mm - 0,25 mm 


Note 1. Where required by the project requirements, plates are to be weighed after final heat treatment with any necessary dressing of the 
surface and abrasive blasting completed. The machine accuracy should be +1,0 per cent of the nominal weight of subject plate. 


11.7.5 Weld repairs of plate defects are not permitted for either Special Application 1 or Special Application 2. 
11.8 Surface preparation and priming 
11.8.1 All plates shall be abrasively blasted in accordance with specific project requirements. 


11.8.2 To avoid flash rusting and surface contamination following abrasive blasting, the steel shall be immediately coated with a 
prefabrication primer in accordance with the recommendations of the coating manufacturer. 


11.8.3  Prefabrication primers shall be of a type specified by the project and approved by LR. 


11.9 Mechanical tests 


11.9.1 Sampling: Test specimens are to be taken from each finally heat-treated plate in accordance with Table 3.11.10 
Mechanical test samples. The locations of test samples for mechanical testing, chemical analysis and metallography are indicated 
in Figure 3.11.1 Location of test pieces for mechanical testing, chemical analysis and metallography. 


11.9.2 | When required for Special Application 1, through thickness tensile requirements (sampling, testing and acceptance 
criteria) are to be defined by the project requirements which should, as a minimum, conform to EN 10164, and quality class 235. 
For Special Application 2 through thickness tensile requirements are to be in accordance with Table 3.11.10 Mechanical test 
samples. 


Table 3.11.10 Mechanical test samples 


Dimensions Samples required 


Plates over 3000 mm in length Tensile — as per Figure 3.11.1 Location of test pieces for 
mechanical testing, chemical analysis and metallography. 


Charpy — as per Figure 3.11.1 Location of test pieces for mechanical 
testing, chemical analysis and metallography. 


Samples acquired from both plate ends. 
Hardness — test at diagonally opposite corners. 


hrough thickness tensile (where required) - as per Figure 3.11.1 
ocation of test pieces for mechanical testing, chemical analysis and 
etallography. 


Plates under 3000 mm in length Tensile — as per Figure 3.11.1 Location of test pieces for 
mechanical testing, chemical analysis and metallography. 


Charpy — as per Figure 3.11.1 Location of test pieces for mechanical 
testing, chemical analysis and metallography. 


Samples acquired from one plate end only. 
Hardness — test at diagonally opposite corners. 


hrough thickness tensile (where required) - as per Figure 3.11.7 
ocation of test pieces for mechanical testing, chemical analysis and 
etallography. 
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Notes: Through thickness tensile 


For all plate material equal or greater than 30 mm thick, full 
thickness short transverse tensile tests are to be taken from 
the first plate of the cast (top end) to assess through thickness 
ductility (according to EN 10164). 

Samples are to be taken from the positions shown in Figure 
3.11.1 Location of test pieces for mechanical testing, chemical 
analysis and metallography. For non-extension pieces these 
are to be as per EN 10164: 


The test piece shall have the following diameter, do: 


dy = 6 mm or 10 mm for 20 < t < 40, where t is the plate 
thickness in mm; 


d, = 10 mm for 40 < t < 400, where f is the plate thickness in 
mm. 


The acceptance criteria are to Quality Class Z35, as per EN 
10164. 


Notes: Tensile 


Tensile test specimens are to be in accordance with ISO 
6892-1: Metallic materials — Tensile testing — Part 1: Method of 
test at room temperature. 


Test specimens circular in section of 200 mm? cross-sectional 
area are to be taken from the quarter thickness position 
providing that plate thickness is sufficient). 

For plates where 200 mm? cross-sectional area test pieces 
can be taken, but not at quarter thickness position, the axis of 
he test piece is to be as close as possible to the quarter 
hickness position. 

For plates which are too thin for 200 mm? cross- sectional 
area test pieces to be taken, the test pieces are to be the 
argest possible in accordance with ISO 6892-1. 

Rectangular section test pieces are to have a gauge length 


equal to 5,65VSo where So is the cross-sectional area of the 
est piece. 


Notes: Charpy 


Charpy: Middle line of test specimens is to coincide with mid- 
plate thickness. 


Charpy notch to be perpendicular to rolled surface. 

Charpy specimens to be machined at least 1,0 mm from 
surface. 

Standard 10 mm x 10 mm specimens. Sub size specimens 
permitted for material less than 12 mm thickness (i.e. 10 mm x 
5mm, 10 mm x 7,5 mm). 


Notes: Hardness 


Lioyp's REGISTER 


Test method ISO 6506-1: Metallic Materials- Brinell hardness 
test — Part 1: test method shall be used. 


If hardness results are outside of specification, batch to be 
investigated. 
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Final direction 
Of rolling 


Key- at each of the locations indicated on the chart, the 
following tests should be conducted 


3 Off Longitudinal Charpy Impact Test — % thickness, orientation L-T 


ome: | 3 Off Transverse Charpy Impact Test — % thickness, orientation T-L 


1 Off Longitudinal Tensile Test — % thickness 
tee 1 Off Transverse Tensile Test — % thickness 
}1 Off Through Thickness Tensile Test, when specified by project 
__|requirements / 1 Off Macro 
C | 1 Off Chemical Analysis 


Figure 3.11.1 Location of test pieces for mechanical testing, chemical analysis and metallography 


11.9.3. The results of mechanical tests shall comply with the appropriate requirements given in the following tables: 


108 Lioyp's REGISTER 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, JULY 2022 


Rolled Steel Plates, Strip, Sections and Bars Chapter 3 


Section 11 


° Table 3.11.1 Essential mechanical properties for Material Class Special Applications 1 and 2 
e Table 3.11.11 Tensile and hardness properties for High Strength Steel for Material Class Special Applications 1 and 2 
e Table 3.11.12 Charpy impact properties for High Strength Steel for Material Class Special Applications 1 and 2 


Table 3.11.11 Tensile and hardness properties for High Strength Steel for Material Class Special Applications 1 and 2 


Reduction in 
0,2% Proof strength (N/mm?) Hardness 


Material Class Thickness Elongation % alsa 


(see Notes 1 and 2) of HB 
(} 


Min Max i i Range 


<16 mm 550 690 - 207- 248 


Special 
is 55 — Longitudinal 


i nati 16,1 mm up to 
Application 1 ‘a 550 655 207-248 
150 mm 50 — Transverse 


228- 270 
Special (Note 8) 


Application 2 228-270 


19 mm up to 140 
690 45 — Transverse 
mm (see Note 3) 


Note 1. For High Strength Steel Special Application 1, the tensile strength is to be recorded and is to be such that the ratio of 0,2% proof 
strength to tensile strength for all plate thickness is not to exceed 0,90. 


Note 2. For High Strength Steel Special Application 2, the tensile strength is to be recorded and is to be such that the ratio of 0,2% proof 
strength to tensile strength for plate thickness from 6 mm to less than 19 mm thick is not to exceed 0,95, and for plate thickness 19 mm 
and above, the ratio is not to exceed 0,92. 


Note 3. If any result is outside the range 228 HB to 270 HB, the cause of the discrepancy between hardness and the normally expected 
tensile strength shall be fully investigated by the steel mill before the plate can be despatched from the steel mill. The project authority and 
LR shall be notified of the reasons for any discrepancy between the hardness and expected tensile results and any ensuing mitigation 
actions. 


Table 3.11.12 Charpy impact properties for High Strength Steel for Material Class Special Applications 1 and 2 


Charpy value Charpy test temperature 


Material Class Thickness i 


<12 mm 80 


65 


fora 7,5 x 10 mm sample 


Special Application 1 


55 


(5 mm x 10 mm sample) 


>12 mm (see Note 1) 80 
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65 
fora 7,5 x 10 mm sample, or; 


5mm x 10 mm sample 


12 mm up to 60 mm (see Note 


55 
Special Application 2 2) 


fora 10x 10 mm sample 


>60 mm up to 140 mm (see 


70 
Note 3) 


fora 10x 10 mm sample 


Note 1. The energy absorbed by each of the three test pieces (using a 10 x 10 mm sample) is to be greater than 80 Joules 


Note 2. The average energy absorption of the three test pieces (using a 10 x 10 mm sample) for thicknesses up to 60 mm inclusive at 
each end of the plate is to be not less than 80 joules, and no single specimen is to be less than 70 joules. 


Note 3. For plates over 60 mm thick the average value is to be not less than 70 joules, and no single value is to be less than 55 joules. 


11.10 Identification of materials 

11.10.1 Identification requirements are as follows: 

e —_ All plates are to have unique identification to enable full traceability. 

e Plates are to be identified according to any project-specific requirements in addition to LR identification requirements. 

11.11 Additional approval testing 

11.11.1. The project requirements may specify appropriate and additional specialised testing for manufacturer approval. 

11.11.2 The project specification will state the specific dynamic toughness testing procedure, or explosion testing, as applicable. 
11.11.38 The project specification will state any additional tests for manufacturer approval, and the performance criteria and 
properties required. 

11.12 Visual and NDE requirements 


11.12.1. Visual and non-destructive examination (NDE): Surface inspection and verification of dimensions are the responsibility of 
the steelmaker and shall be carried out on all material prior to dispatch. 


11.12.2 Surface discontinuities: After final heat treatment and abrasive blasting, e.g. shot blasting, each plate is to be examined 
visually for surface defects. Any surface discontinuities shall be defined as imperfections or defects, and are to comply with project 
specific acceptance criteria. 


11.12.38 Internal defects: Examination for internal defects shall be carried out as required by the project specification and comply 
with project-specific acceptance criteria. Where project requirements for examination of plates are not specified, LR requires 
ultrasonic testing to be carried out, and the extent and acceptance criteria shall be agreed with LR. 
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2 Castings for ship and other structural applications 
3 Castings for machinery construction 
4 Castings for crankshafts 
5 Castings for propellers 
6 Castings for boilers, pressure vessels and piping systems 
7 Ferritic steel castings for low temperature service 
8 Stainless steel castings 
9 Steel castings for container corner fittings 
a Section 1 
General requirements 
1.1 Scope 
1.1.4 This Section gives the general requirements for steel castings intended for use in the construction of ships, other marine 


structures, machinery, boilers, pressure vessels and piping systems. 


1.1.2 Where required by the relevant Rules dealing with design and construction, castings are to be manufactured and tested 
in accordance with Ch 71 General Requirements and Ch 2 Testing Procedures for Metallic Materials, together with the general 
requirements given in this Section and the appropriate specific requirements given in Sections Ch 4, 2 Castings for ship and other 
structural applications to Ch 4, 9 Steel castings for container corner fittings. 


1.1.3 As an alternative to Ch 4, 7.7 Scope 1.1.2, castings which comply with National or proprietary specifications may be 
accepted provided that these specifications give reasonable equivalence to the requirements of this Chapter or alternatively are 
approved for a specific application. Generally, survey and certification are to be carried out in accordance with the requirements of 
Ch 1 General Requirements. 


1.1.4 Where small castings are produced in large quantities, or where castings of the same type are produced in regular 
quantities, alternative survey procedures, in accordance with Ch 7, 2.4 Materials Quality Scheme, may be adopted. 
1.2 Manufacture 


1.2.1 Castings are to be made at foundries approved by LR. The steel used is to be manufactured by a process approved by 
Lloyd's Register (hereinafter referred as 'LR’). 


1.2.2 All flame cutting, scarfing or arc-air gouging to remove surplus metal is to be undertaken in accordance with recognised 
good practice and is to be carried out before the final heat treatment. Preheating is to be employed where necessitated by the 
chemical composition and/or thickness of the casting. The affected areas are to be either machined or ground smooth for a depth 
of about 2 mm unless it has been shown that the material has not been damaged by the cutting process. Special examination will 
be required to find any cracking in way of the cut surfaces. 


1.2.3 Where two or more castings are joined by welding to form a composite item, details of the proposed welding procedure 
are to be submitted for approval. Welding approval procedure tests will be required, see also the requirements of Ch 4, 7.717 
Rectification and dressing of castings. 

1.3 Quality of castings 


1.3.1 All castings are to be free from surface or internal defects which would be prejudicial to their proper application in 
service. The surface finish is to be in accordance with good practice and any specific requirements of the approved specification. 


1.3.2 The surfaces are not to be hammered, peened or treated in any way which may obscure defects. 
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1.3.3 The locations of all chaplets are to be noted and to be subject to close visual inspection (and when necessary ultrasonic 
examination) to ensure complete fusion. 


1.3.4 In the event of any casting proving to be defective during subsequent machining or testing it is to be rejected 
notwithstanding any previous certification. 


1.4 Chemical composition 


1.4.1 All castings are to be made from killed steel. The chemical composition of the ladle sample is to be within the limits 
given in the relevant Section of this Chapter. Where general overall limits are specified, the chemical composition is to be 
appropriate for the type of steel, dimensions and required mechanical properties of the castings. 


1.4.2 Except where otherwise specified, suitable grain refining elements may be used at the discretion of the manufacturer. 
The content of such elements is to be reported in the ladle analysis. 


1.5 Heat treatment 


1.5.1 All castings are to be heat treated in accordance with the requirements given in the relevant Section of this Chapter. 


1.5.2 Heat treatment is to be carried out in a properly constructed furnace which is efficiently maintained and has adequate 
means of temperature control. The furnace dimensions are to be such as to allow the steel castings to be uniformly heated to the 
necessary temperature. Sufficient thermocouples are to be connected to the steel castings to show that their temperature is 
adequately uniform and the temperatures are to be recorded throughout the heat treatment. The records are to identify the furnace 
that was used and give details of the individual steel castings, the heat treatment temperature and time at temperature and the 
date. The Surveyor is to examine the charts and confirm the details on the certificate. In the case of very large components which 
require heat treatment, alternative methods will be specially considered. 


1.5.3 As an alternative procedure to the connection of thermocouples as required by Ch 4, 1.5 Heat treatment 7.5.2, 
temperature uniformity surveys of the heat treatment furnace may be accepted subject to approval by LR, Materials and NDE 
department. An initial temperature uniformity survey in the furnace fully loaded condition is required to be carried out in accordance 
with recognised standards (e.g. ASTM A991). Regular temperature uniformity surveys are then subsequently required at a 
frequency of at least once per year. 


1.5.4 If a casting is locally reheated, or any straightening operation is performed after the final heat treatment, a subsequent 
stress relieving heat treatment may be required in order to avoid the possibility of harmful residual stresses. 


1.6 Test material and test specimens 


1.6.1 Test material sufficient for the tests specified in Sections Ch 4, 2 Castings for ship and other structural applications to 
Ch 4, 9 Steel castings for container corner fittings and for possible re-test purposes is to be provided for each casting. The test 
samples are to be either integrally cast or gated to the casting and are to have a thickness of not less than 30 mm. 


1.6.2 The test samples are not to be detached from the casting until the heat treatment specified in Ch 4, 1.5 Heat treatment 
71.5.1 has been completed and they have been properly identified. 


1.6.3 As an alternative to Ch 4, 1.6 Test material and test specimens 1.6.1 and Ch 4, 1.6 Test material and test specimens 
1.6.2, where a number of small castings of about the same size, each of which is under 1000 kg in mass, are made from one cast 
and heat treated in the same furnace charge, a batch testing procedure may be adopted, using separately cast test samples of 
suitable dimensions. The test samples are to be properly identified and heat treated together with the castings which they 
represent. At least one test sample is to be provided for each batch of castings. 


1.6.4 The test specimens are to be prepared in accordance with the requirements of Ch 2 Testing Procedures for Metallic 
Materials. Tensile test specimens are to have a cross-sectional area of not less than 150 mm®. 


1.6.5 Re-test procedures are to be in accordance with Ch 2, 1.4 Re-testing procedures. 


1.7 Visual and surface Non-Destructive Examination 


1.7.1 This Section gives the general requirements for non-destructive examination of steel castings. As an alternative, castings 
may be examined in accordance with a National Specification, provided it gives reasonable equivalence to these Rules. 


1.7.2 All castings are to be cleaned and adequately prepared for inspection. Suitable methods include pickling, caustic 
cleaning, wire brushing, local grinding, and shot or sand blasting. Castings are to be examined in the final delivery condition. 
Where a casting is supplied in semi-finished condition, the manufacturer is to take into account the quality level, including the 
functional and performance requirements, of final finished machined components. 


1.7.8 The surfaces are not to be hammered, peened or treated in any way which may obscure defects. 
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1.7.4 Unless otherwise agreed, the accuracy and verification of dimensions are the responsibility of the manufacturer, and a 
report on the relevant examinations is to be submitted to the Surveyor, who may require checks to be made and to witness such 
checks. Where intermediate inspections have been performed, the manufacturer is to provide reports of the results upon the 
request of the Surveyor. 


1.7.5 All castings are to be subjected to 100 per cent visual examination of all accessible surfaces by the manufacturer and 
are then to be presented to the Surveyor for visual examination. Where applicable, this is to include the examination of internal 
surfaces. Castings are to be subject to magnetic particle examination or liquid penetrant testing (for austenitic stainless steel 
castings, see Ch 4, 8 Stainless steel castings) in accordance with Ch 4, 7.7 Visual and surface Non-Destructive Examination 1.7.9, 
unless more specific requirements for Non-Destructive Examination are included in subsequent Sections of this Chapter, other 
parts of the Rules or the agreed specification. Viewing conditions at the inspected surfaces are to be in accordance with a 
nationally or internationally recognised standard. 


1.7.6 Where specified or required by the Rules, Non-Destructive Examination is to be carried out before acceptance. All tests 
are to be in accordance with the requirements of Ch 1, 5 Non-destructive examination. Non-Destructive Testing applied for 
acceptance purposes to support final casting certification is to be made after the final heat treatment of the casting. 


L.0 The manufacturer is to provide the Surveyor with a signed report confirming that non-destructive examination has been 
carried out and that such inspection has not revealed any significant defects. 


1.7.8 Where magnetic particle examination is specified or required, this is to be carried out using a suspension of magnetic 
particles in a suitable fluid. The dry powder method is not acceptable for the final inspection. Prods are not permitted on finished 
machined surfaces. 


1.7.9 Where required, magnetic particle or liquid penetrant testing is to be carried out by the manufacturer whenever 
appropriate and also when the castings are in the finished condition. For surface inspection NDT methods, the surface quality is to 
be a minimum value of R, less than or equal to 6,3 um. The tests are to be made in the presence of the Surveyor unless otherwise 
specially agreed. The castings are to be examined in the following areas in addition to any areas defined in subsequent Sections of 
this Chapter: 


a) Atall accessible fillets and changes of section. 

b) At positions where surplus metal has been removed by flame cutting, scarfing or arc-air gouging. 

c) In way of fabrication weld preparations, for a distance not less than 50 mm from the edge. 

d) In way of welds. 

e) In way of chaplets. 

f) | At other positions agreed with the Surveyor to include areas which may be subjected to high stress in service. 


1.7.10 The testing procedures, apparatus and conditions of magnetic particle testing and liquid penetrant testing are to comply 
with recognised National or International Standards. Magnetic particle testing is preferable to penetrant testing except in the 
following cases: 


(a) Austenitic stainless steels. 


(b) Interpretation of open visual or magnetic particle indications. 
(c) At the instruction of the Surveyor, where a particular need for penetrant testing has been identified. 


1.7.14 For magnetic particle testing, attention is to be paid to the contact between the casting and the clamping devices of 
stationary magnetisation benches in order to avoid local overheating or burning damage at the casting’s surface. Prods are not 
permitted on finished machined items. Note that the use of solid copper at the prod tips must be avoided due to the risk of copper 
contamination of the casting. The poles of the magnets are to have close contact with the component. 


1.7.12 | The AC magnetisation method is normally used, as it is more sensitive for detecting surface indications. Where the DC 
magnetisation method is used, this is to be in agreement with LR, and the reason for use clearly justified. 


1.7.13 When indications have been detected as a result of the surface inspection, acceptance or rejection is to be decided in 
accordance with Ch 4, 2.6 Acceptance levels for Non-Destructive Examination of castings 2.6.4. 
1.8 Volumetric Non-Destructive Examination 


1.8.1 Where required by subsequent Sections or by the agreed specification, ultrasonic examination is to be carried out by 
the manufacturer, but Surveyors may request to be present in order to verify that the examination is carried out in accordance with 
the agreed procedure. Ultrasonic testing is to be carried out after the castings have been ground, machined or shot blasted to a 
suitable condition, with a minimum value surface quality of Rg less than or equal to 12,5 um. The surfaces of castings to be 
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examined are to be such that adequate coupling can be established between the probe and the casting and that excessive wear 
of the probe is avoided. This examination is to be carried out in the following areas: 


a) At positions which may be subjected to high stresses in service, as agreed with the Surveyor. 

b) In way of fabrication weld preparations, for a distance not less than 50 mm from the edge. 

c) At positions where subsequent machining may expose filamentary shrinkage or other defects (e.g. bolt holes, bearing bores). 

d) In way of welding. 

e) In way of riser positions. 

f) | At positions where experience shows that significant internal defects may occur — these are to be agreed between the 
manufacturer and the Surveyor. 

1.8.2 In the case of castings such as rudder horns, which may have a large surface area still untested after the above 


inspections have been applied, an additional ultrasonic inspection of the untested areas is to be made along continuous 
perpendicular grid lines on nominal 225 mm centres, scanning may be from one surface only. 


1.8.3 Volumetric inspection is normally to be carried out by ultrasonic testing using the contact method with normal (0°) beam 
and/or angle beam technique. The testing procedures, apparatus and conditions of ultrasonic testing are to comply with the 
recognised National or International Standards. 


1.8.4 Advanced NDE methods, as described in Ch 7, 5.11 Advanced NDE methods, may be applied to castings, as 
appropriate to the material type, thickness, complexity and geometry. Acceptance and rejection criteria are specified in Table 4.2.3 
Ultrasonic Acceptance Criteria for steel castings — Using DGS or DAC system. 


1.8.5 In some cases, due to the shape, nature, or complexity of casting, or defect type or orientation, there may be a need for 
radiographic testing. In such cases, radiographic testing may be carried out on the basis of prior agreement with LR. Where 
radiographic testing is to be used, National or International Standards for both the testing method and the quality or severity level 
to be applied, is to be agreed with LR. These following examples are suitable National or International Standards as appropriate to 
the radiographic testing of castings, and casting thickness. 


e = ASTM E446; 


e ASTM E186; 
e ASTM E280; 
e §=1SO 4993. 


1.8.6 Radiographic examination, where required, is to be carried out by the manufacturer in areas generally as indicated for 
ultrasonic examination in Ch 4, 1.8 Volumetric Non-Destructive Examination 1.8.1. All radiographs are to be submitted to the 
Surveyor for review and acceptance. The radiographic technique and acceptance standards are to be to the satisfaction of the 
Surveyor and in accordance with any requirements of the approved procedure. 


1.8.7 A suitable quality level for marine castings would normally be severity Level 2 or 3 (of the above standards), or as 
specified by the design authority, depending on the location zone and type of casting. Other severity levels may be applied and are 
to be agreed with LR. 


1.8.8 Only those areas shown in the agreed inspection plan should be tested; however, the inspections may reveal indications 
that require further evaluation or an extension of testing. In such cases, this is to be agreed with LR. The plan is to include those 
locations nominated in Ch 4, 7.7 Visual and surface Non-Destructive Examination 1.7.9 and Ch 4, 1.7 Visual and surface Non- 
Destructive Examination 1.7.10, together with the scanning zones identified for the relevant casting in the appropriate Sections of 
this Chapter. 


1.8.9 Ultrasonic scans should be made using a 0° probe of 1-4 MHz (usually 2 MHz) frequency, and angle probes, where 
required. Whenever possible, scanning is to be performed from both surfaces of the casting and from surfaces perpendicular to 
each other. 


1.8.10 | The back wall echo obtained on parallel sections is to be used to monitor variations in probe coupling and material 
attenuation. Any reduction in the amplitude of the back wall echo due to material properties is to be corrected. Attenuation in 
excess of 30 dB/m could be indicative of an unsatisfactory annealing heat treatment and may adversely affect the testing and void 
the results. In such cases of excessive attenuation, this is to be investigated, and suitable mitigation measures carried out for 
effective ultrasonic testing to continue, where possible. 


1.8.11 Machined surfaces, especially those in the vicinity of riser locations and in the bores of stern boss castings, are to also 
be subject to a near surface (approximately 25 mm) scan using a twin crystal 0° probe. 
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1.8.12 | Additional scans on machined surfaces are of particular importance in cases where bolt holes are to be drilled or where 
surplus material such as ‘padding’ has been removed by machining, thus moving the scanning surface closer to possible areas of 
shrinkage. 


1.8.13 Additionally, where possible, examination of the machined bores of castings using circumferential scans with 70° probes 
are to be carried out in order that axial radial planar flaws such as hot tears can be detected. Fillet radii are to be examined using 
45°, 60° or 70° probes scanning from the surfaces/direction likely to give the best reflection, primarily to determine the presence of 
any cracks within the radiused areas, and as an additional scan to confirm any indications that may have been detected with 0° 
probe(s) within this area. 


1.8.14 — In the examinations of those zones nominated for ultrasonic examination, the reference sensitivity for the O° probe is to 
be established against a 6 mm reflector. Sensitivity can be calibrated either against 6 mm diameter flat bottomed hole(s) in a 
reference block (or series of blocks) corresponding to the thickness of the casting provided that a transfer correction is made, 
using the DAC (Distance-AmplitudeCorrection) method, or by using the DGS (Distance-Gain-Size) method. 


1.8.15 | Where angle probes are used the reference sensitivity is to be established against an appropriate 6 mm reflector (e.g. 
reference reflectors angled perpendicular to the sound beam) for the DAC method, or equivalent using the DGS method. 


1.8.16 The DGS diagrams issued by a probe manufacturer are to be used as they identify the difference in dB between the 
amplitude of a back wall echo and that expected from a 6 mm diameter disc reflector. By adding this difference to the sensitivity 
level initially set by adjusting a back wall echo to a reference height, e.g. 80 per cent, the amended reference level will be 
representative of a 6 mm diameter disc reflector. Similar calculations can be used for evaluation purposes to establish the 
difference in dB between a back wall reflector and disc reflectors of other diameters, such as 12 or 15 mm. 


1.8.17 Following Transfer Correction, differences in attenuation or surface condition between the reference block and the 
casting, any indications received from the nominated zones in the casting that exceed the 6 mm reference level are to be marked 
for evaluation against the acceptance criteria given in Table 4.2.3 Ultrasonic Acceptance Criteria for steel castings — Using DGS or 
DAC system. Evaluation is to include additional scans with angle probes in order that the full extent of the discontinuity can be 
plotted. 


1.8.18 | The general acceptance criteria given in Table 4.2.3 Ultrasonic Acceptance Criteria for steel castings — Using DGS or 
DAC system are to be applied where no specific acceptance criteria are stated in the subsequent Sections of this Chapter. 


1.9 Reporting and personnel certification 


1.9.1 All NDE, including personnel, procedural, test method and reporting criteria, is to be in accordance with the 
requirements of Ch 7, 5 Non-destructive examination, and applicable Sections for NDE methods. In addition, reports of surface 
inspections are to include at least the following items: 


° For penetrant testing, the penetrant system used. 

e For magnetic testing, the method of magnetising, test media, and magnetic field strength and magnetic flux indicators (where 
appropriate). 

1.9.2 The reporting criteria for ultrasonic inspection are to be in accordance with the requirements of Ch 1, 5.6 Non- 

destructive examination reports and Ch 1, 5.10 Ultrasonic testing. In addition, reports of ultrasonic inspections should include at 

least the following items: 


° Flaw detector. 

e Probe type, size, angle and frequency. 

e — Calibration and reference blocks used. 

° Sensitivity method including reflector size and transfer correction. 
e — Maximum scanning rate. 

° Couplant. 


1.9.3 Personnel engaged in visual examination are to have sufficient knowledge and experience; however, they may be 
exempted from formal qualifications. 


1.9.4 The NDT personnel’s certificates and competence are to comprise all industrial sectors and techniques being applied by 
the manufacturer or its sub-contractors. Certificates are to be made available to LR for verification, when requested. 


1:9.5 The operator carrying out the NDT and interpreting indications should, as a minimum, be qualified and certified to Level 
ll in the NDT method(s) concerned. However, operators only undertaking the gathering of data using any NDT method and not 
performing data interpretation or data analysis may be qualified and certified as appropriate, at Level |. The operator is to have 
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adequate knowledge of materials, weld, structures or components, NDT equipment and limitations to apply the relevant NDT 
method for each application appropriately. 


1.10 Pressure testing 


1.10.14 Where required by the relevant Rules, castings are to be pressure tested in the final machined condition before final 
acceptance. These tests are to be carried out in the presence of the Surveyors and are to be to their satisfaction. 


1.11 Rectification and dressing of castings 


1.14.1 When unacceptable defects are found in a casting, these are to be removed by machining or chipping. Flame-scarfing 
or arc-air gouging may also be used provided that preheating is employed when necessary and that the surfaces of the resulting 
excavation are subsequently ground smooth. Complete elimination of the defective material is to be proven by adequate Non- 
Destructive Examination. Shallow grooves or excavations resulting from the removal of defects may, at the discretion of the 
Surveyor, be accepted provided that they will cause no appreciable reduction in the strength of the castings and that they are 
suitably blended by grinding. Complete elimination of the defective material is to be verified by magnetic particle or liquid penetrant 
testing. 


1.11.2 | Where flame scarfing or arc-air gouging is used, the requirements detailed in Ch 4, 1.2 Manufacture 1.2.2 are to apply. 


1.11.3 Grinding wheels for use on austenitic stainless steels are to be of an iron-free type and shall have been used only on 
stainless steels. 


1.11.4 All proposals to repair a defective casting by welding are to be submitted to the Surveyor before this work is 
commenced. The Surveyor is to satisfy himself that the number, position and size of the defects are such that the casting can be 
effectively repaired. 


1.11.5 | Astatement and/or sketch detailing the extent and position of all welds is to be prepared by the manufacturer. Copies of 
these sketches are to be submitted to LR. 


1.11.6 — All welding is to be carried out by an approved welder and in accordance with an approved welding procedure which 
includes the features referred to in Ch 4, 7.11 Rectification and dressing of castings 1.11.6 to Ch 4, 1.11 Rectification and 
dressing of castings 1.11.13. The welding procedures and welders are to be qualified in accordance with Ch 12 Welding 
Qualifications. 


1.11.7 | Where welding is required, a grain refining heat treatment is to be given to the whole casting prior to carrying out 
welding unless agreed otherwise with the Surveyor. Grain refining heat treatment requires heating above the upper critical 
temperature. 


1.11.8 Any excavations are to be of suitable shape to allow good access for welding and, after final preparation for welding, are 
to be re-examined by suitable non-destructive testing methods to ensure that all defective material has been eliminated. 


1.11.9 All castings in alloy steels other than austenitic and duplex stainless steels are to be suitably preheated prior to welding. 
Castings in carbon-manganese steels may also be required to be preheated, depending on their chemical composition, the 
dimensions, configuration and positions of the welds. 


1.11.10 Welding is to be carried out under cover, in positions free from draughts and adverse weather conditions. As far as 
possible, all welding is to be carried out in the downhand (flat) position. 


1.11.11. The welding consumables used are to be of an appropriate composition, giving a weld deposit with mechanical 
properties similar and in no way inferior to those of the parent castings. The use of low hydrogen type welding consumables is 
preferred. Welding procedure tests are to be carried out by the manufacturer to demonstrate that satisfactory mechanical 
properties can be obtained after heat treatment as detailed in Ch 4, 1.11 Rectification and dressing of castings 1.11.72, and the 
results of these tests are to be presented to the Surveyor. 


1.11.12 After welding is completed, the castings are to be given the heat treatment specified in Ch 4, 2 Castings for ship and 
other structural applications to Ch 4, 9 Steel castings for container corner fittings, or a stress relieving heat treatment at a 
temperature of not less than 550°C. The type of heat treatment required will be dependent on the chemical composition of the 
casting and the dimensions, positions and nature of the repairs. 


1.11.13 Special consideration may be given to a local stress relieving heat treatment where both the welded area is small and 
machining of the casting has reached an advanced stage, but prior agreement is to be obtained from LR in writing. The welding 
procedure is to be such that residual stresses are minimised. 


1.11.14 Oncompletion of heat treatment, all welds and adjacent material are to be ground smooth and examined by magnetic 
particle or penetrant testing, ultrasonic or radiographic examination. The Surveyor is to attend at these inspections, to witness the 
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results of magnetic particle or penetrant examination and to examine any radiographs. Satisfactory results are to be obtained from 
all forms of Non-Destructive Examination used. The acceptance criteria for the NDE of welds are to be in accordance with 
subsequent Sections of this Chapter or where these do not exist, Table 13.2.5 Acceptance criteria for visual testing, magnetic 
particle and liquid penetrant testing to Table 13.2.7 Acceptance criteria for ultrasonic and phased array testing, as appropriate. 


1.11.15 Where no welding has been made on a casting, the manufacturer is to provide the Surveyor with a written statement 
that this is the case. 


1.11.16 The foundry is to maintain full records detailing the weld procedure, heat treatment and the extent and location of all 
welds made to each casting. These records are to be available for review by the Surveyor, and copies of individual records are to 
be supplied to the Surveyor on request. 


1.11.17 For rectification of defective steel castings for crankshafts, see Ch 4, 4.7 Rectification of defective castings. 


1.12 Identification of castings 


1.12.4 The manufacturer is to adopt a system of identification, as per the requirements of Ch 7, 4.8 /dentification of materials, 
which will enable all finished castings to be traced to the original cast, and the Surveyor is to be given full facilities to trace the 
castings when required. 


1.12.2 | Before acceptance, all castings which have been tested and inspected with satisfactory results are to be clearly marked 
by the manufacturer with the following particulars: 


a) Identification number, cast number or other marking which will enable the full history of the casting to be traced. 
b) Manufacturer’s name or trade mark. 

c) LRor Lloyd's Register and the abbreviated name of LR's local office. 

d) Personal stamp of Surveyor responsible for inspection. 

e) Test pressure, where applicable. 

f) | Date of final inspection. 


1.12.3. Where small castings are manufactured in large numbers, modified arrangements for identification may be specially 
agreed with the Surveyor, noting the general requirements of Ch 7, 4.8 Identification of materials. 


1.12.4 Where a number of light similar or identical products, such as sections and bars, weighting < 50 kg per meter, are 
securely fastened together in bundles, the manufacturer may brand only each bundle. A firmly fastened durable label containing 
the identification may be attached to each bundle. 


1.13 Certification of materials 
1.13.1 ALR certificate is to be issued, see Ch 7, 3.1 General. 


1.13.2 | The manufacturer is to provide the Surveyor with a written statement giving the following particulars for each casting or 
batch of castings which has been accepted: 


a) Purchaser's name and order number. 

b) Description of castings and steel grade. 

Identification number. 

Steel-making process, cast number, chemical analysis of ladle samples and, in the case of the Special grade (see Ch 4, 2 
Castings for ship and other structural applications), the chemical analysis of the product or test bar. 

(e) General details of heat treatment including the temperature and time at temperature. 

(f) | Results of mechanical tests. 

(g) Test pressure, where applicable. 

1.13.3. Where applicable, the manufacturer is to provide a signed report regarding Non-Destructive Examination as required by 
Ch 4, 1.7 Visual and surface Non-Destructive Examination 1.7.7 together with a statement and/or a sketch detailing the extent and 


position of all weld repairs made to each casting as required by Ch 4, 1.11 Rectification and dressing of castings 1.11.5 or the 
statement detailed in Ch 4, 1.11 Rectification and dressing of castings 1.11.15. 
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Castings for ship and other structural applications 
2.1 Scope 
2.1.1 The requirements for carbon-manganese steel castings, intended for ship and other structural applications where the 


design and acceptance tests are related to mechanical properties at ambient temperature, are given in this Section. 
2.1.2 Provision is made for two quality grades, Normal and Special. 


2.1.3 Where it is proposed to use carbon-manganese steels of higher specified minimum tensile strength than required by Ch 
4, 2.4 Mechanical tests 2.4.3, or alloy steels, particulars of the chemical composition, mechanical properties and heat treatment 
are to be submitted for approval. 


2.2 Chemical composition 


2.2.1 The chemical composition of ladle samples is to comply with Table 4.2.1 Chemical composition. 


Table 4.2.1 Chemical composition 


Quality grade Normal Special 
(see Note 3) 


Carbon 0,23% max. 0,23% max. 


Silicon 0,60% max. 0,60% max. 


Manganese 0,70 — 1,60% 0,70 — 1,60% 


Sulphur 0,040% max. 0,0385% max. 


Phosphorus 0,040% max. 0,035% max. 
Aluminium - Z 0,015 — 0,080% 


; (see Notes 1 and 2) 
acid soluble) 


Residual elements: 
Copper 0,30% max. 0,30% max. 
Chromium 0,30% max. 0,30% max. 
Nickel 0,40% max. 0,40% max. 


Molybdenum 0,15% max. 0,15% max. 


Total 0,80% max. 0,80% max. 


Note 1. The total aluminium content may be determined instead of the 
acid soluble content, in which case the total aluminium content is to 
be 0,020 —- 0,10%. 


Note 2. Grain refining elements other than aluminium may be used 
subject to special agreement with LR. 


Note 3. For the Special grade, the nitrogen content is to be 
determined. 


2.2.2 For the Special grade, the product of the aluminium and nitrogen contents is to comply with the following formula: 


(%Al x %N)10° < 60 


acid sol 
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2.2.3 For the Special grade, a check chemical analysis on the product or a test bar is mandatory. The check analysis on the 
product or test bar is to comply with the requirements of Table 4.2.1 Chemical composition. 


2.3 Heat treatment 
2.3.1 Castings are to be supplied: 


a) fully annealed; or 

b) normalised; or 

c) normalised and tempered at a temperature of not less than 550°C; or 
d) quenched and tempered at a temperature of not less than 550°C. 


FE 


2.3.2 For larger castings where a coarser microstructure may be present in heavier thickness, a double austenising heat 
treatment may be required to ensure adequate grain refinement. A coarse microstructure will be indicated by an increased 
attenuation of approximately 30 dB/m at 2 MHz during ultrasonic examination. 


2.3.3 Following weld repair and or the attachment of handling brackets, all castings are to be subject to post weld heat 
treatment at a temperature of not less than 550°C before delivery. 
2.4 Mechanical tests 


2.4.1 At least one tensile test is to be made on material representing each casting or batch of castings. 

2.4.2 Where the casting is of complex design, or where the finished mass exceeds 10 tonnes, two test samples are to be 
provided. Where large castings are made from two or more casts which are not mixed in a ladle prior to pouring, two or more test 
samples are required corresponding to the number of casts involved. These are to be integrally cast at locations as widely 
separated as possible. 


2.4.3 The results of these tests are to comply with the following requirements: 


Yield stress 200 N/mm? min. 
Tensile strength 400 N/mm? min. 
Elongation on 5,65 So 25% min. 
Reduction of area 40% min. 


2.4.4 A set of three Charpy V-notch impact test specimens is to be provided with each casting in the Special grade. These 
may be taken from a small extension of the thickest part of the casting or from a block cast integrally with the casting and having 
dimensions representative of the largest section thickness of the casting. These are to be tested in accordance with Ch 2 Testing 
Procedures for Metallic Materials and are to have an average energy of not less than 27J at O°C. 


2.5 Non-Destructive Examination 


2.5.1 Castings used in ship construction for the sternframe, rudder and propeller shaft supports are to be examined by 
ultrasonic and magnetic particle methods in accordance with Ch 4, 1.7 Visual and surface Non-Destructive Examination. The type 
and extent of Non-Destructive Examination of castings for other structural applications are to be specially agreed by the Surveyor. 


2.5.2 The extent and methods of Non-Destructive Examination to be applied to typical hull steel castings are shown in Figure 
4.2.1 Extent of non-destructive evaluation for stern frame castings to Figure 4.2.6 Extent of non-destructive evaluation for rudder 
(lower part) castings in addition to the areas specified in Ch 4, 1.7 Visual and surface Non-Destructive Examination 1.7.9 and Ch 4, 
1.8 Volumetric Non-Destructive Examination 1.8.1. 
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Location of non-destructive examination 

1. All surfaces: Visual examination 

2. Location indicated with (000): Magnetic particle and 
Ultrasonic testing 


Figure 4.2.1 Extent of non-destructive evaluation for stern frame castings 


Location of non-destructive examination 
All surfaces: Visual examination 
Magnetic particle and ultrasonic testing 


Figure 4.2.2 Extent of non-destructive evaluation for rudder stock castings 
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Location of non-destructive examination 

1. All surfaces: Visual examination 

2. Location indicated with (000): Magnetic particle and 
ultrasonic testing 

8. Location indicated with (~~): — Ultrasonic testing 


Figure 4.2.3 Extent of non-destructive evaluation for stern boss castings 
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Location of non-destructive examination 

1. All surfaces: Visual examination 

2. Location indicated with (OOO): Magnetic particle and 
Ultrasonic testing 

8. Location indicated with (a): Ultrasonic testing 


Figure 4.2.4 Extent of non-destructive evaluation for rudder hanging castings 


Location of non-destructive examination 

1. All surfaces: Visual examination 

2. Location indicated with (OOO): Magnetic particle and 
Ultrasonic testing 

8. Location indicated with (q~~): Ultrasonic testing 


Figure 4.2.5 Extent of non-destructive evaluation for rudder (upper part) castings 
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Location of non-destructive examination 

1. All surfaces: Visual examination 

2. Location indicated with (000): Magnetic particle and 
Ultrasonic testing 

8. Location indicated with (ww): Ultrasonic testing 


Figure 4.2.6 Extent of non-destructive evaluation for rudder (lower part) castings 


2.5.3 Acceptance levels for visual inspection are to be taken as follows: 


a) Nocracks, crack-like indications, hot tears or cold shuts are permitted. 

b) Castings are to be free of other injurious indications to the satisfaction of the Surveyor. 

Thickness of the remains of sprues or risers should be within casting dimensional tolerance. 

Additional magnetic particle, liquid penetrant or ultrasonic testing may be required for a more detailed evaluation of surface 
irregularities at the request of the Surveyor. These examinations are in addition to those required by Ch 4, 2.6 Acceptance 
levels for Non-Destructive Examination of castings. 


2.6 Acceptance levels for Non-Destructive Examination of castings 
2.6.1 The following definitions apply to indications associated with magnetic particle and liquid penetrant testing: 


(a) Linear indication. An indication with a largest dimension three or more times its smallest dimension (i.e. / > 3w). 
(0) Non-linear indication. An indication with a largest dimension less than three times its smallest dimension (i.e. | < Sw). 


(c) Aligned indication. Three or more indications in a line, separated by 2 mm or less edge-to-edge, which results in a unique 
indication defined as follows: 


e Non-linear indications form an alignment when the distance between indications is less than 2 mm and at least three 
indications are aligned. An alignment of indications is considered to be a unique indication and its length is equal to the 
overall length of the alignment. 

° Linear indications form an alignment when the distance between two indications is smaller than the length of the longest 
indication. 

(d) Open indication. An indication visible after removal of the magnetic particles or that can be detected by the use of contrast 
liquid penetrant testing. 

(e) Non-open indication. An indication that is not visually detectable after removal of the magnetic particles or that cannot be 
detected by the use of contrast liquid penetrant testing. 

(f) Relevant indication. An indication that is caused by a condition or type of discontinuity that requires evaluation. Only 
indications which have any dimension greater than 1,5 mm are to be considered relevant for the categorisation of indications. 
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2.6.2 For the purpose of evaluating indications, the surface is to be divided into reference band length of 150 mm for Level 
MT1/PT1 and into reference areas of 22500 mm? for Level MT2/PT2. The band length and/or area is to be taken in the most 
unfavourable location relative to the indications being evaluated. 


2.6.3 The following quality levels recommended for magnetic particle testing (MT) and/or liquid penetrant testing (PT) are: 


(a) Level MT1/PT1 — fabrication weld preparation areas. 
(b) Level MT2/PT2 — other locations indicated on Figure 4.2.1 Extent of non-destructive evaluation for stern frame castings to 
Figure 4.2.6 Extent of non-destructive evaluation for rudder (lower part) castings. 


The allowable number and sizes of indications in the reference area are shown in the acceptance criteria detailed in Table 4.2.2 
Acceptance criteria for surface inspection evaluation. Cracks, cold shuts and hot tears are not acceptable. 


2.6.4 Acceptance criteria for ultrasonic testing are shown in Table 4.2.3 Ultrasonic Acceptance Criteria for steel castings - 
Using DGS or DAC system as UT1 and UT2. Discontinuities within the examined zones interpreted to be cracks, cold shuts or hot 
tears are not acceptable. 


Table 4.2.2 Acceptance criteria for surface inspection evaluation 


. . Maximum dimension of 
d Maximum number of sedan Maximum number of / pine at 
Quality level eee Type of indication single indication, mm (see 
indications each type Note 2) 
ote 


Non-linear 4 (see Note 1) 5 


MT1/PT1 4 in 150 mm length Linear 4 (see Note 1) 3 


Aligned 4 (see Note 1) 


Non-linear 10 
MT2/PT2 20 in 22500 mm? area Linear 6 


Aligned 6 


Note 1. Minimum of 30 mm (measured in any direction) between relevant indications. 


Note 2. In weld repairs, the maximum dimension is 2 mm. 


Table 4.2.3 Ultrasonic Acceptance Criteria for steel castings — Using DGS or DAC system 


Quality level Allowable disc shape according | Maximum number of indications | Allowable size of all relevant 

to DGS, mm (see Note 1) to be registered (see Note 4) indications, mm (see Notes 5 & 
lor a 

Diameter of FBH according to 


DAC curve, mm (see Notes 2 & 
3) 


>6 


12-15 
>15 


Note 7. DGS — Distance Gain Size. 
Note 2. DAC - Distance Amplitude Correction. 
Note 3. The corresponding DAC level to each of the Flat Bottom Hole (FBH) reflectors is at 100% DAC. 


Note 4. Grouped in an area measuring 300 x 300 mm. 


Note 5. Measured on the scanning surface. 


Note 6. The measured indication is regarded as the longest dimension, as measured in the scanning process. 
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2.6.5 Level UT1 is applicable to the following: 


a) Fabrication weld preparations for a distance of 50 mm. 

b) 50mm depth from the final machined surface including boltholes. 

c) Fillet radii to a depth of 50 mm and within a distance of 50 mm from the radius end. 

d) Castings subject to cyclic bending stresses, e.g. rudder horn, rudder castings and rudder stocks, the outer one third of 
thickness in the zones shown in Figure 4.2.1 Extent of non-destructive evaluation for stern frame castings to Figure 4.2.6 
Extent of non-destructive evaluation for rudder (lower part) castings. 


( 
( 
( 
( 


2.6.6 Level UT2 is applicable to the following: 


(a) For locations which are not specified in Ch 4, 2.6 Acceptance levels for Non-Destructive Examination of castings 2.6.5, 
nominated for ultrasonic testing in Figure 4.2.1 Extent of non-destructive evaluation for stern frame castings to Figure 4.2.6 
Extent of non-destructive evaluation for rudder (lower part) castings or on the inspection plan. 

(b) Positions outside locations nominated for level UT1 examination where feeders and gates have been removed. 

(c) Castings subject to cyclic bending stresses, at the central one third of thickness in the zones shown in Figure 4.2.1 Extent of 
non-destructive evaluation for stern frame castings to Figure 4.2.6 Extent of non-destructive evaluation for rudder (lower part) 
castings. 


2.6.7 Ultrasonic acceptance criteria for casting areas not nominated in Figure 4.2.1 Extent of non-destructive evaluation for 
stern frame castings to Figure 4.2.6 Extent of non-destructive evaluation for rudder (lower part) castings will be subject to special 
consideration based on the anticipated stress levels and the type, size and position of the discontinuity. 


2.6.8 Parts which are welded are to be examined by the same method as at the initial inspection as well as by additional 
methods as required by the Surveyor. 


2.6.9 The maximum number of indications to be recorded and the maximum length of indications permissible for quality Level 
UT2 apply to normal probes. 


2.6.10 For quality Level UT2, any discontinuity producing a signal amplitude in excess of the 15 mm DAC curve is to be 
regarded as unacceptable. 


2.6.11. Any signal between 12 mm FBH + 15 mm FBH curve is to be evaluated for length of defect. 


2.6.12 For near surface testing, to an approximate depth of 25 mm, a twin crystal 0° - normal beam - probe should be used, 
plus a single crystal 0° probe, beyond a depth of 25 mm, for the remaining volume. 


2.6.13 Ultrasonic acceptance criteria for other casting areas not specified in Figure 4.2.1 Extent of non-destructive evaluation 
for stern frame castings to Figure 4.2.6 Extent of non-destructive evaluation for rudder (lower part) castings is to be subject to 
special consideration based on the anticipated stress levels during service and the type, size and position of the discontinuity. 


2.6.14 DGS and DAC methods may be used for determining sensitivity. The DAC method for normal beam probes may be 
based on a 6 mm diameter reflector or FBH. A DAC curve is to be produced using reference blocks containing 6 mm FBH 
reflectors over a range representative of the inspection thickness, after adjustment for transfer and attenuation losses. 


2.6.15 For quality Level UT1, any discontinuity producing a signal amplitude in excess of the 6 mm DAC curve is unacceptable. 


2.6.16 For quality Level UT2, the sensitivity may be based on actual size FBH (of 12 mm and 15 mm) or based on equivalent 6 
mm FBH, and the sensitivity adjusted to obtain equivalent amplitudes, as described in Ch 4, 2.6 Acceptance levels for Non- 
Destructive Examination of castings 2.6.17. 


2.6.17 When setting sensitivity using 6 mm FBH, adjustment of signal amplitudes - measured in dB above 6 mm DAC - can be 
determined for 12 mm and 15 mm FBH reflectors, i.e. DAC + 12 dB and DAC + 16 dB, plus any compensation for transfer and 
attenuation losses, as illustrated in Figure 4.2.7 DAC curve produced from 6 mm FBH reflector and DAC curves adjusted to 
represent equivalent 12 mm and 15 mm FBH reflectors. The increase in dB to the indicated levels represents the equivalent FBH 
sizes (for 12 mm and 15 mm), and their respective corresponding ultrasonic response amplitudes. 
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DAC + 16dB 
(15mm FBH) 


DAC 6mm FBH DAC + 12dB 
(12mm FBH) 


Figure 4.2.7 DAC curve produced from 6 mm FBH reflector and DAC curves adjusted to represent equivalent 12 
mm and 15 mm FBH reflectors 


Explanatory note for DAC and Figure 4.2.7 


e — The bottom curve (DAC) represents a sensitivity based on 6 mm FBH, and the two additional curves (DAC + 12 dB and DAC 
+ 16 dB) above this represent the equivalent sensitivities converted for larger FBHs (12 mm and 15 mm). 

e When scanning using these curves and applying Table 4.2.3 Ultrasonic Acceptance Criteria for steel castings — Using DGS or 
DAC system for UT2, any indication below DAC + 12 dB is to be disregarded, and any indication above DAC + 16 GB is to 
be rejected. 


Any indication between these two curves is to be evaluated according to its size, as per Table 4.2.3 Ultrasonic Acceptance Criteria 
for steel castings — Using DGS or DAC system. 


a Section 3 
Castings for machinery construction 


3.1 Scope 


3.1.1 This Section gives the material requirements for carbon-manganese steel castings intended for use in machinery 
construction and which are not within the scope of Ch 4, 4 Castings for crankshafts to Ch 4, 7 Ferritic steel castings for low 
temperature service. 


3.1.2 Where it is proposed to use steels of higher carbon content than is indicated in Ch 4, 3.2 Chemical composition 3.2.1, 
or alloy steels, particulars of the chemical composition, mechanical properties and heat treatment are to be submitted for approval. 


3.1.3 The manufacture or repair of cast steel connecting rods is not permitted, except where the manufacturing and quality 
control procedures have been approved by LR. For approval purposes, tests are to be carried out at the place of manufacture 
using the proposed process to demonstrate that the castings are sound. Tests are to be carried out to confirm that the 
appropriate mechanical properties are attained within the casting, including areas where weld repairs have been performed. Any 
changes to manufacturing, repair and quality control procedures are to be submitted to LR for approval, see also Ch 7, 2.2 LR 
Approval — General. 


3.2 Chemical composition 


3.2.1 The chemical composition of ladle samples is to comply with the following limits, except as specified in Ch 4, 3.2 
Chemical composition 3.2.2: 
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Carbon 0,40% max. 
Silicon 0,60% max. 
Manganese 0,50-1,60% 
Sulphur 0,040% max. 
Phosphorus 0,040% max. 


Residual elements: 


Copper 0,30% max. 
Chromium 0,30% max. 
Nickel 0,40% max. 
Molybdenum 0,15% max. 


Total 0,80% max. 


3.2.2 Castings which are intended for parts of a welded fabrication are to be of weldable quality with a carbon content 
generally not exceeding 0,23 per cent. 


3.2.3 Proposals to use steels with higher carbon content, or alloy steels, for welded construction will be subject to special 
consideration. 


3.3 Heat treatment 
3.3.1 Castings are to be supplied: 


(a) fully annealed; or 

(b) normalised; or 

(c) normalised and tempered at a temperature of not less than 550°C; or 

(d) quenched and tempered at a temperature of not less than 550°C. 

3.3.2 Engine bedplate castings, turbine castings and any other castings where dimensional stability and freedom from internal 
stresses are important, are to be given a stress relief heat treatment. This is to be at a temperature not lower than 550°C, followed 
by furnace cooling to 300°C or lower. Alternatively, full annealing may be used provided that the castings are furnace cooled to 
800°C or lower. 


3.4 Mechanical tests 
3.4.1 At least one tensile test is to be made on material representing each casting or batch of castings. 


3.4.2 Where the casting is of complex design, or where the finished mass exceeds 10 tonnes, two test samples are to be 
provided. Where large castings are made from two or more casts which are not mixed in a ladle prior to pouring, two or more test 
samples are required corresponding to the number of casts involved. The test samples are to be integrally cast at locations as 
widely separated as possible. 


3.4.3 Table 4.3.1 Mechanical properties for acceptance purposes: carbon and carbon-manganese steel castings for 
machinery construction gives the minimum requirements for yield stress, elongation and reduction of area corresponding to 
different strength levels, but it is not intended that these should necessarily be regarded as specific grades. Intermediate levels of 
minimum tensile strength may be specified, in which case minimum values for yield stress, elongation and reduction of area may 
be obtained by interpolation. 


Table 4.3.1 Mechanical properties for acceptance purposes: carbon and carbon-manganese steel castings for machinery 
construction 


Yield stress N/mm? Elongation on 5,65 Reduction of area % 
minimum So % minimum minimum 


Tensile strength N/mm? 


400 — 550 


440 — 590 
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480 — 630 
520 — 670 


560 — 710 


600 — 750 


3.4.4 Castings may be supplied to any specified minimum tensile strength selected within the general limits detailed in Table 
4.3.1 Mechanical properties for acceptance purposes: carbon and carbon-manganese steel castings for machinery construction. 


3.4.5 The results of all tensile tests are to comply with the requirements of Table 4.3.1 Mechanical properties for acceptance 
purposes: carbon and carbon-manganese steel castings for machinery construction appropriate to the specified minimum tensile 
strength. 


3.4.6 For alloy steel castings and carbon-manganese steel castings containing more than 0,40 per cent carbon, the results of 
all mechanical tests are to comply with an approved specification. 


3.4.7 When a casting, or a batch of castings, has failed to meet the mechanical test requirements, it may be re-heat treated 
and re-submitted for acceptance tests but this may not be carried out more than twice, see Ch 1, 4.6 Re-test procedures. 


3.5 Non-Destructive Examination 


3.5.1 All piston crowns and cylinder heads are to be examined by ultrasonic testing unless otherwise agreed with LR. Piston 
crowns intended for engines having a bore size larger than 400 mm and cylinder heads intended for engines having a bore size 
larger than 300 mm are additionally to be examined by magnetic particle or penetrant testing in accordance with and Ch 4, 1.8 
Volumetric Non-Destructive Examination. 


3.5.2 Engine bedplate and transverse girder castings are to be examined by ultrasonic and magnetic particle or penetrant 
testing in accordance with Ch 4, 1.7 Visual and surface Non-Destructive Examination 1.7.9 and Ch 4, 1.8 Volumetric Non- 
Destructive Examination. 


3.5.3 Turbine castings are to be examined by magnetic particle or dye penetrant testing in accordance with Ch 4, 1.7 Visual 
and surface Non-Destructive Examination . In addition, an ultrasonic or radiographic examination is to be made in way of 
fabrication weld preparations. 


3.5.4 Other castings are to be examined by non-destructive methods where specified. 


a Section 4 
Castings for crankshafts 


4.1 Scope 
4.4.1 This Section gives the requirements for carbon and carbon-manganese steel castings for semi-built crankshafts. 


4.1.2 Where it is proposed to use steels of higher carbon content than is indicated in Ch 4, 4.3 Chemical composition 4.3.1, 
or alloy steels, particulars of the chemical composition, mechanical properties and heat treatment are to be submitted for approval. 
For alloy steels, the specified minimum tensile strength is not to exceed 700 N/mm?. 


4.2 Manufacture 


4.2.1 The method of producing combined web and pin castings is to be approved. For this purpose, tests to demonstrate the 
soundness of the casting and the properties at important locations may be required. 


4.3 Chemical composition 
4.3.1 The chemical composition of ladle samples is to comply with the following limits: 
Carbon 0,40% max. (but see Ch 4, 4.7 
Rectification of defective castings 
4.7.4.(c)) 
Silicon 0,60% max. 
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Manganese 0,50-1,60% 
Sulphur 0,040% max. 
Phosphorus 0,040% max. 


Residual elements: 


Copper 0,30% max. 
Chromium 0,30% max. 
Nickel 0,40% max. 
Molybdenum 0,15% max. 


Total 0,80% max. 


4.4 Heat treatment 


4.4.1 Castings are to be supplied either: 


(a) fully annealed and cooled in the furnace to a temperature of 300°C or lower; or 


(b) normalised and tempered at a temperature of not less than 550°C, and cooled in the furnace to a temperature of 300°C or 
lower. 


4.5 Mechanical tests 


4.5.1 Proposals for the number of tests and the location of test material on the casting are to be submitted by the 
manufacturer. 


4.5.2 Not less than one tensile test and three impact tests are to be made on material representing each casting. The impact 
tests are to be carried out at ambient temperature. 


4.5.3 Table 4.4.1 Mechanical properties for acceptance purposes: carbon - manganese steel castings for crankshafts gives 
the minimum requirements for yield stress and elongation corresponding to different strength levels, and it is not intended that 
these should necessarily be regarded as specific grades. The strength levels have been given in multiples of 40 N/mm? to facilitate 
interpolation for intermediate values of specified minimum tensile strength. 


4.5.4 Castings may be supplied to any specified minimum tensile strength selected within the general limits detailed in Table 
4.4.1 Mechanical properties for acceptance purposes: carbon - manganese steel castings for crankshafts. 


4.5.5 The results of all tests are to comply with the requirements of Table 4.4.1 Mechanical properties for acceptance 
purposes: carbon - manganese steel castings for crankshafts appropriate to the specified minimum tensile strength. For the 
impact tests, one individual value may be less than the required average value provided that it is not less than 70 per cent of this 
average value. See Ch 7, 4.6 Re-test procedures for re-test procedures. 


Table 4.4.1 Mechanical properties for acceptance purposes: carbon - manganese steel castings for crankshafts 


Charpy V-notch impact 
tests average energy 
J 
minimum 
(see Note) 


Yield stress F 
Tensile strength Elongation on 5,65,/S. % Reduction of area 
g N/mm2 ° 


N/mm? reo inj % minimum 
minimum PETA 


400 — 550 200 32 
440 — 590 220 28 
480 — 630 240 25 
520 — 670 260 20 


550 — 700 275 18 


Note Impact tests are to be made at ambient temperature. 
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4.6 Non-destructive examination 


4.6.1 Magnetic particle examination is to be carried out over all surfaces in accordance with Figure 4.4.1 Magnetic particle 
inspection acceptance levels. 


Section A-A Section B-B 


a=0.d b=0,d c=0,05D e=L/4 


d = pindiameter D = journal diameter 5291/06 


Zone 1: Any actual defects with one dimension of 0,5 mm or more are not acceptable 


Zone 2 : Any actual defects with one dimension of 2 mm or more are not acceptable 


| Zone 3 : Any actual defects with one dimension of 5 mm or more are not acceptable 


[ Zone 4 : Any actual defects with one dimension of 10 mm or more are not acceptable 


Figure 4.4.1 Magnetic particle inspection acceptance levels 


4.6.2 Each casting is to be examined by ultrasonic testing, and the extent of examination and defect acceptance criteria, 
using the DGS (Distance Gain Size) technique, are to be as shown in Figure 4.4.2 Ultrasonic examination acceptance levels. 
Alternative ultrasonic procedures may be submitted for approval. 


4.7 Rectification of defective castings 
4.7.1 The requirements of Ch 4, 1.11 Rectification and dressing of castings apply, except where amended by this Section. 


4.7.2 Where castings have shallow surface defects, consideration is first to be given to removing such defects by grinding and 
blending or by machining the surface where there is excess metal on the Rule dimension. 


4.7.3 Subject to prior agreement and submission of the detailed welding procedure for approval by LR, welding may be 
carried out prior to the final austenitising heat treatment. 


4.7.4 Approval for welding will not be given in the following circumstances: 
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a) For the rectification of repetitive defects caused by improper foundry technique or practice. 
b) For the building up by welding of surfaces or large shallow depressions. 


c) Where the carbon content of the steel exceeds 0,30 per cent. 
d) Where the carbon equivalent of the steel, given by 
C4 ve | ort xe ua zl a exceed s0, 65 percent. 


4.7.5 Provided that the Surveyors are satisfied that welding is justified, they may also authorise welding to the surfaces of 
crankwebs, following the final austenitising heat treatment, within the following limits: 


(a) In general, the volume of the largest groove which is to be welded is not to exceed 3,2t cm®, where t is the web axial 
thickness, in cm. The total volume of all grooves which are to be welded is not to exceed 9,6t cm per crankweb. 

(b) The welds do not extend within the cross-hatched zones marked on Figure 4.4.3 Areas of semi-built crankthrows to which 
weld repairs are not permitted for semi-built crankthrows. 

(c) Larger welds on balance weights may be permitted at the discretion of the Surveyor, provided that such repairs are wholly 
contained within the balance weight and do not affect the strength of the crankweb. 


4.7.6 Subsequent to the final austenitising heat treatment, welding may be authorised in the surface of the bore for the journal 
(or pin) within the following limits: 
(a) In general, the welds are to be not less than 125 mm apart. 


(0) The welds are not to be located within circumferential bands of < from the edges of the bores, nor at any position within the 


inner 120° arc of the bores, as cross-hatched on Figure 4.4.3 Areas of semi-built crankthrows to which weld repairs are not 
permitted. 

(c) The volume of the largest weld is to be not more than 1,1t cm®, where t is the web axial thickness at the bore, in cm, and not 
more than three welds are to be made in any one bore surface. 
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AL pL 


Section A-A Section B-B 


a=0,1d b=0,05D c=L/6 


d=Pin diameter D = Journal diameter 5291/07 


[al Zone 1 : Max. allowable flaw size equivalent to a flat bottomed diameter 3 mm hole 


| Zone 2 : Max. allowable flaw size equivalent to a flat bottomed diameter 6 mm hole 


Figure 4.4.2 Ultrasonic examination acceptance levels 
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Figure 4.4.3 Areas of semi-built crankthrows to which weld repairs are not permitted 


4.7.7 After all defective material has been removed from a region, and this has been proven in the presence of the Surveyor 
by magnetic particle inspection or other suitable method, the excavation is to be suitably shaped to allow good access for 
welding. 


4.7.8 At the discretion of the Surveyor, the size of a groove may be increased beyond the limiting sizes given in Ch 4, 4.7 
Rectification of defective castings 4.7.5 or Ch 4, 4.7 Rectification of defective castings 4.7.6, if the removal of further metal will 
facilitate welding. 


4.7.9 Welding is to be carried out by approved welders using approved procedures. The welds are to be made by an electric 
arc process using low hydrogen type consumables which will produce a deposited metal that is not inferior in properties to the 
parent metal. 


4.7.10 All castings are to be given a preliminary refining heat treatment prior to the commencement of welding. Before welding, 
the material is to be preheated in accordance with the qualified procedure. Where possible, preheating is to be carried out in a 
furnace. The preheat temperature is to be maintained until welding is completed, and preferably until the casting is placed in the 
furnace for post-weld heat treatment. 


4.7.11 Where welding is carried out after the final austenitising heat treatments, a post-weld stress relieving heat treatment is to 
be applied at a temperature of not less than 600°C, see also Ch 4, 1.5 Heat treatment 1.5.2. 


4.7.12 Welds are to be dressed smooth by grinding. The surfaces of the welds and adjacent parent steel are to be proven by 
magnetic particle and, where appropriate, ultrasonic inspection, see Ch 4, 1.11 Rectification and dressing of castings 1.11.14 and 
Ch 4, 1.11 Rectification and dressing of castings 1.11.15. 


a Section 5 
Castings for propellers 


5.1 Scope 


5.1.1 This Section gives the requirements for steel castings for one-piece propellers and separately cast blades and hubs for 
fixed pitch and controllable pitch propellers (CPP). These include contra-rotating propellers, azipods and azimuth thrusters. The 
requirements for copper alloy propellers, blades and hubs are given in Ch 9, 7 Castings for propellers. 
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5.1.2 These castings are to be manufactured and tested in accordance with the appropriate requirements of Ch 7 General 
Requirements and Ch 2 Testing Procedures for Metallic Materials and Ch 4, 1 General requirements as well as the requirements of 
this Section. 


5.1.3 Full details of the manufacturer's specification are to be submitted for approval. These should include the chemical 
composition, heat treatment, mechanical properties, microstructure and repair procedures. 


5.1.4 Special requirements are given for castings which are intended for ice service in Table 4.5.2 Typical mechanical 
properties for steel propeller castings. 

5.2 Chemical composition 

5.2.1 The chemical composition of ladle samples is to comply with the approved specification, see Ch 4, 5.1 Scope 5.1.3. 


5.2.2 Typical cast steel propeller alloys are given in Table 4.5.1 Typical chemical composition for steel propeller castings Cast 
steel whose chemical composition deviates from the typical values of Table 4.5.7 Typical chemical composition for steel propeller 
castings shall be specially approved by LR. 


Table 4.5.1 Typical chemical composition for steel propeller castings 


Mo Max. (% 
Alloy type Mn Max. (%) Cr (%) e aa See Ni (%) 


Martensiti 2,0 11,5-17,0 0,5 Max. 2,0 
(12Cr 1Ni 


Martensiti 2,0 11,5-17,0 1,0 3,5 -5,0 
(13Cr 4Ni 


Martensiti 2,0 15,0- 17,5 1,5 3,5 - 6,0 
(16Cr SNi 


Austeniti 0,12 1,6 16,0 - 21,0 4,0 8,0 - 13,0 
(19Cr 4 


Note Minimum values are to be in accordance with the agreed specification or recognised National or International Standards. 


5.3 Heat treatment 


5.3.1 Martensitic stainless steel castings are to be austenitised, quenched and tempered in accordance with the approved 
specification, see Ch 4, 5.1 Scope 5.1.3. 


5.3.2 Austenitic stainless steel castings are to be solution treated in accordance with the approved specification, see Ch 4, 
5.1 Scope 5.17.3. 
5.4 Mechanical tests 


5.4.1 The test material is to be cast integral with the boss of propeller castings, or with the flange of separately cast propeller 
blades. Alternatively, the test material may be attached on blades in an area between 0,5 and 0,6R, where RP is the radius of the 
propeller. 


5.4.2 The test material is not to be removed from the casting until final heat treatment has been carried out. Removal is to be 
by non-thermal procedures. 


5.4.3 At least one tensile test and for the martensitic stainless steel grades one set of three Charpy V-notch impact tests are 
to be made on material representing each casting. The results are to comply with the requirements of Table 4.5.2 Typical 
mechanical properties for steel propeller castings or the approved specification. 
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Table 4.5.2 Typical mechanical properties for steel propeller castings 


Alloy type Yield stress or, 0,2% Tensile strength Elongation on 5,65 Reduction of area % Charpy V-notch 
proof stress minimum, minimum N/mm2 So % minimum minimum impact tests J 
N/mm2 minimum (see Notes 
1 and 2) 


Martensitic (12Cr 1Ni) 440 590 30 20 


Martensitic (13Cr 4Ni) 550 750 35 30 


Martensitic (16Cr 5Ni) 540 760 35 30 


Austenitic (19Cr 11Ni) 180 (see Note 3) 440 40 = 


Note 1. When a general service notation Ice Class 1AS, 1A, 1B or 1C is required, the tests are to be made at -10°C. 


Note 2. For general service or where the notation Ice Class 1D is required, the tests are to be made at 0°C. 


Note 3. F 1,9 value is 205 N/mm?. 


5.4.4 As an alternative to Ch 4, 5.4 Mechanical tests 5.4.3, where a number of small propeller castings of about the same 
size, and less than 1 m in diameter, are made from one cast and heat treated together in the same furnace, a batch testing 
procedure may be adopted using separately cast test samples of suitable dimensions. At least one set of mechanical tests is to be 
provided for each multiple of five castings in the batch. 


5.4.5 Separately cast test bars may be used subject to prior approval of the Surveyor. Test bars must be cast from the same 
heat, or heats, and must also be heat treated with castings they represent. 


5.5 Quality of castings, inspection, and Non-Destructive Examination 


5.5.1 All finished castings are to be 100 per cent visually inspected by the manufacturer. A comprehensive visual examination 
is to be carried out by the Surveyor. 


5.5.2 Castings are to have a workmanlike finish and are to be free from cracks, hot tears, or other imperfections which would 
be prejudicial to their proper application in service. 


5.5.3 Minor casting defects which may still be visible after machining such as small sand and slag inclusions, small cold shuts 
and scabs are to be suitably removed by mechanical means such as chipping or grinding. 


5.5.4 In order to relate the degree of NDE inspection to the criticality of imperfections in propeller blades and to help reduce 
the risk of failure by fatigue cracking after repair, propeller blades are divided into three severity zones designated A, B and C, as 
given in Ch 9, 7.8 Inspection and non-destructive examination and Figure 9.1.2 Severity zones in all propeller blades. Proposals by 
the propeller designer for a modified zone area based on detailed hydrodynamic load and stress analysis may be considered by 
LR in conjunction with the requirements of the Rules and Regulations for the Classification of Ships, July 2022, Pt 5, Ch 7, 3.1 
Minimum blade thickness 3.1.7 and relevant sections within the appropriate Rules set. 


5.5.5 For all propellers, separately cast blades, and hubs, the surfaces covered by severity Zones A, B and C are to be 
subjected to penetrant testing, or magnetic particle testing as appropriate to the material type. Testing of Zone A is to be 
undertaken in the presence of the Surveyor, whilst testing of Zones B and C may be witnessed by the Surveyor upon their request. 


5.5.6 If repairs have been made either by grinding or by welding, the repaired areas are additionally to be subjected to liquid 
testing (or magnetic particle testing, as appropriate) independent of their location and/or severity zone. Weld repairs are, 
independent of their location, always to be assessed according to Zone A. 


5.5.7 The surface to be inspected shall be divided into reference areas of 100 cm2. The indications detected are not, with 
respect to their size and number, to exceed the values given in Table 4.5.3 Allowable number and size of relevant indications in a 
reference area of 100 cmé@(see Note 1), The area is to be taken in the most unfavourable location relative to the indication being 
evaluated. 


5.5.8 The following definitions apply in relation to the assessment of indications when using the penetrant testing method: 


(a) An indication is defined as the presence of detectable bleed-out of the penetrant liquid from the material discontinuities 
appearing at least 10 minutes after the developer has been applied (see Note 1). 


(b) Relevant indication: Only indications which have any dimension greater than 1,5 mm shall be considered relevant for the 
categorisation of indications. 
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cS 


Non-linear indication: an indication with a largest dimension less than three times its smallest dimension (i.e. | < 3 w). 
Linear indication: an indication with a largest dimension three or more times its smallest dimension (i.e. | > 3 w). 
Aligned indications: 


Ono 


(i) | Non-linear indications form an alignment when the distance between indications is less than 2 mm and at least three 
indications are aligned. An alignment of indications is considered to be a unique indication and its length is equal to the 
overall length of the alignment. 

(ii) | Linear indications form an alignment when the distance between two indications is smaller than the length of the longest 
indication. 


Note 1: Where there is uncertainty regarding the dimensions of the bleed-out indication size, either due to a large number of 
small, grouped indications, or an indication experiences excessive bleed-out, the penetrant testing process shall be 
repeated by strictly following the procedure. In exceptional circumstances, whereby the indication size cannot be accurately 
determined, the actual discontinuity size may be further examined using visual inspection methods, and augmented (if and 
where necessary) with the aid of magnification instruments, to determine the actual size of the discontinuity, as visible on the 
surface of the material. 


5.5.9 This further examination is to be agreed with the Surveyor, and the Surveyor may, where deemed necessary, request 
furtherNDE to ascertain the extent of indications, which may include volumetric testing. 


5.5.10 Where required by LR, or deemed necessary by the manufacturer and Surveyor, further volumetric NDE (e.g. 
radiographic and/or ultrasonic testing) is to be carried out. The acceptance criteria are to be agreed between the manufacturer 
and LR in accordance with a recognised standard. Note: due to the attenuating effect of ultrasound within austenitic steel 
castings, ultrasonic testing may not be effective in some cases, depending on the shape/type/thickness, and grain-growth 
direction of the casting. 


5.5.11 Advanced NDE methods, as described in Ch 1, 5.17 Advanced NDE methods, may be applied to steel castings for 
propellers, as appropriate to the material type, thickness, complexity and geometry, as a substitute for, or complementary to, 
conventional ultrasonic or radiographic testing. 


5.5.12 Static balancing is to be carried out on all propellers in accordance with the approved drawing. Dynamic balancing may 
be necessary for propellers running above 500 rpm. 


Table 4.5.3 Allowable number and size of relevant indications in a reference area of 100 cem?¢ Note }) 


Max. acceptable value for 
. Max. total number of Type of indications (see Max. number of each type eat ia wt 
Severity Zones 4 ee w' or 'I' of indications 
indications Note 2) (see Notes 3 and 4) 
(mm) (see Note 2) 


Non-linear 4 
Linear 3 


Aligned 


Non-linear 


Linear 


Aligned 


Non-linear 


Linear 
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Aligned 6 6 


Note 1. The reference area is defined as an area of 0,01 m?, which may be square or rectangular, with the major dimension not exceeding 250 
mm. The area shall be taken in the most unfavourable location relative to the indication being evaluated. 


Note 2. Non-linear, linear and aligned indications are defined as follows: 


Non-linear 


2 
= para) 


Non-linear Aligned Linear Aligned 
er a, 


ene ‘ => 8 Fe 
| a g, jee | 2 |e—_ Qi —l 2m 
d, d,, d, dj d, 


di 


0<d<2mm d< Max [2] 


Note 3. Single non-linear indications less than 2 mm in Zone A and less than 3 mm in other zones are not considered relevant. 


Note 4. The total number of non-linear indications may be increased to the maximum total number, or part thereof, represented by the absence 
of linear or aligned indications. 


5.6 Rectification of defective castings 


5.6.1 The rectification of defective castings is to be undertaken in accordance with Ch 4, 1.71 Rectification and dressing of 
castings and the following paragraphs. 


5.6.2 Removal of defective material is to be by mechanical means, e.g. by grinding, chipping or milling. The resultant grooves 
are to be blended into the surrounding surface so as to avoid any sharp contours. Complete elimination of the defect is to be 
verified by penetrant testing, or magnetic particle testing as appropriate. 


5.6.3 Grinding in severity Zone A may be carried out to an extent that maintains the blade thickness. Repair by welding is 
generally not permitted in Zone A and will only be allowed after special consideration. 


5.6.4 Defects in severity Zone B that are not deeper than t/40 mm (¢ is the minimum local thickness according to the Rules) or 
2mm, whichever is the greater, are to be removed by grinding. Those defects that are deeper may be repaired by welding subject 
to prior approval of the Surveyor. 


5.6.5 Repair welding is generally permitted in severity Zone C. 


5.6.6 Welds having an area of less than 5 cm? are to be avoided. The maximum surface area of repairs is to be in accordance 
with Table 9.1.3 Permissible rectification of new propellers by welding in Chapter 9. 


5.6.7 Welding procedures are to be qualified in accordance with Ch 12, 3 Specific requirements for stainless steels with the 
following exceptions and additions: 


(a) Three macro specimens representing the start, middle, and end of test weld are to be prepared and tested. The hardness 
readings are to be taken from the macro specimen representing the start of weld. 


(bo) The mandrel diameter for bend test should be four times the thickness of test specimen for martensitic stainless steel. 


(c) The qualification range for base material thickness is given in Table 4.5.4 Thickness approval range. The test assembly is to 
consist of cast material and its thickness should be no less than 15 mm. 


(d) The qualification is only valid for the base material grade used for the test assembly. 
(e) Approval for a test made in any position is restricted to that position. 
(f) | The approval is only valid for the welding consumable trade name used in the welding procedure test. 
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Table 4.5.4 Thickness approval range 


Test assembly thickness, t (mm) Thickness range approved 


15<t<30 3mm to 3t 


t>30 mm 0,5t to 2t or 200 mm, whichever is greater 


5.6.8 Welding is to be in accordance with the approved specification, see Ch 4, 5.1 Scope 5.7.3. 


5.6.9 After weld repair, the propeller or blade is to be heat treated in such fashion as will minimise the residual stresses. For 
martensitic stainless steels, this will involve full heat treatment as specified in the approved specification. Special consideration will 
be given to alternative heat treatment recommended by the manufacturer. 


5.6.10 LR reserves the right to restrict the amount of repair work accepted from a manufacturer when it appears that repetitive 
defects are the result of improper foundry techniques or practices. 


5.6.11. All welds are to be inspected by the appropriate NDE method, see Ch 4, 7.7 Visual and surface Non-Destructive 
Examination. 


5.7 Identification 


5.7.1 Castings are to be clearly marked by the manufacturer in accordance with the requirements of Ch 7 General 
Requirements. The following details are to be shown on all castings which have been accepted: 


a) Identification mark which will enable the full history of the item to be traced. 

b) Type of steel, this should include or allow identification of the chromium and nickel contents. 
) LRor Lloyd's Register and the abbreviated name of Lloyd's Register's local office. 

d) Personal stamp of Surveyor responsible for the final inspection. 
. LR certificate number. 

f) Skew angle, if in excess of 25°. 

g) Ice class symbol, where applicable. 

h) Date of final inspection. 


5.8 Certification of materials 


5.8.1 In addition to the requirements in Ch 4, 1.13 Certification of materials, the manufacturer is to provide the Surveyor with a 
written statement giving the following particulars for each casting: 


(a) Description of casting with drawing number. 

(b) Diameter, number of blades, pitch, direction of turning. 
(c) Skew angle, if in excess of 25° 

(d) Final mass. 

(e) Vessel identification, where known. 


| Section 6 
Castings for boilers, pressure vessels and piping systems 


6.1 Scope 


6.1.1 This Section gives the requirements for carbon-manganese and alloy steel castings for boilers, pressure vessels and 
piping systems for use at temperatures not lower than O°C. 


6.1.2 Where it is proposed to use alloy steels other than as given in this Section, details of the specification are to be 
submitted for approval. In such cases, the specified minimum tensile strength is not to exceed 600 N/mm2. 


6.1.3 Castings which comply with these requirements are acceptable for liquefied gas piping systems where the design 
temperature is not lower than 0°C. Where the design temperature is lower than O°C, and for other applications where guaranteed 
impact properties at low temperatures are required, the castings are to comply with the requirements of Ch 4, 7 Ferritic steel 
castings for low temperature service or Ch 4, 8 Stainless steel castings. 
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6.2 Chemical composition 

6.2.1 The chemical composition of ladle samples is to comply with the limits specified in Table 4.6.1 Chemical composition of 
steel castings for boilers, pressure vessels and piping systems. 

6.3 Heat treatment 

6.3.1 Castings are to be supplied: 


a) fully annealed; or 

b) normalised; or 

c) normalised and tempered; or 
d) quenched and tempered. 


Z_ RS ee 


6.4 Mechanical tests 


6.4.1 A tensile test is to be made on material representing each casting, unless a batch testing procedure has been agreed, 
see Ch 4, 1.6 Test material and test specimens. 


6.4.2 The tensile test is to be carried out at ambient temperature, and unless agreed otherwise with the Surveyor the results 
are to comply with the requirements of Table 4.6.2 Mechanical properties for acceptance purposes: steel castings for boilers, 
pressure vessels and piping systems. 


Table 4.6.1 Chemical composition of steel castings for boilers, pressure vessels and piping systems 


Type of steel Chemical composition % 


C max. Mn P max. Residual elements 


Carbon-manganese | 0,25 0,50-1,20 0,040 0,30 max. 
0,15 max. 
0,30 max. 
0,40 max. 


0,80 max. 


Residual elements 


1/5 Mo 0,50-1,00 0,45-0,65 


1 Cr 1/5 Mo 0,50-0,80 1,00-1,50 | 0,45-0,65 


2 1/4 Cr1 Mo 0,18 0,40-0,70 2,00-2,75 | 0,90-1,20 


"5 Cr "7/5 Mo 1/4. V 0,10-0,15 0,40-0,70 0,30-0,50 | 0,40-0,60 | 0,22-0,30 


Table 4.6.2 Mechanical properties for acceptance purposes: steel castings for boilers, pressure vessels and piping systems 


Yield stress minimum Elongation on 5,65 ,/S. % Reduction of area % 
Tensile strength N/mm? So ° 


Type of steel 
P N/mm? minimum minimum 


Carbon-manganese 275 485-655 22 25 


1/) Mo 260 460-590 18 30 


1 Cr 1/5 Mo 280 480-630 17 20 
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2 1/4 Cr1 Mo 540-630 


"/5 Cr '/5 Mo 1/4 V 510-660 


Table 4.6.3 Mechanical properties for design purposes (see 6.6.1) 


Type of steel Nominal minimum lower yield or 0,2% proof stress N/mm? 


Temperature °C 


350 


Carbon-manganese 


uP Mo 


1 Cr Ip Mo 
21/, Cr1 Mo 


5 Cr py Mo V4 V 


6.4.3 Where it is proposed to use a carbon-manganese steel with a specified minimum tensile strength intermediate to those 
given in this Section, corresponding minimum values for the yield stress, elongation and reduction of area may be obtained by 
interpolation. 


6.4.4 Carbon-manganese steels with a specified minimum tensile strength of greater than 490 N/mm2, but not exceeding 520 
N/mm2, may be accepted provided that details of the proposed specification are submitted for approval. 


6.5 Non-Destructive Examination 


6.5.1 The Non-Destructive Examination of castings is to be carried out in accordance with the appropriate requirements of Ch 
4, 1.7 Visual and surface Non-Destructive Examination 1.7.7 to Ch 4, 1.7 Visual and surface Non-Destructive Examination 1.7.10 
and Ch 4, 7.8 Volumetric Non-Destructive Examination 1.8.1 to Ch 4, 1.8 Volumetric Non-Destructive Examination 1.8.11, and 
additionally as agreed between the manufacturer, purchaser and Surveyor. 


6.6 Mechanical properties for design purposes 


6.6.1 Nominal values for the minimum lower yield or 0,2 per cent proof stress at temperatures of 100°C and higher are given 
in Table 4.6.3 Mechanical properties for design purposes (see 6.6.1) . These values are intended for design purposes only, and 
verification is not required except for materials complying with National or proprietary specifications where the elevated 
temperature properties used for design purposes are higher than those given in Table 4.6.3 Mechanical properties for design 
purposes (see 6.6.7) . 


6.6.2 In such cases, at least one tensile test at the proposed design or other agreed temperature is to be made on each 
casting or each batch of castings. The test specimen is to be taken from material adjacent to that used for tests at ambient 
temperature, and the test procedure is to be in accordance with the requirements of Ch 2 Testing Procedures for Metallic 
Materials. The results of all tests are to comply with the requirements of the National or proprietary specification. 


6.6.3 Values for the estimated average stress to rupture in 100 O00 hours are given in Table 4.6.4 Mechanical properties for 
design purposes (see 6.6.3): estimated average stresses to rupture in 100,000 hours (N/mm? ) and may be used for design 
purposes. 


Table 4.6.4 Mechanical properties for design purposes (see 6.6.3): estimated average stresses to rupture in 100,000 hours 
(N/mm ) 


Temperature Type of steel 
°C 


1Cr¥Mo = =2%CriMo = —YaCr¥zMo“V 
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a Section 7 
Ferritic steel castings for low temperature service 
7.1 Scope 
ite This Section gives the requirements for castings in carbon-manganese and nickel alloy steels intended for use in 


liquefied gas piping systems where the design temperature is lower than 0°C, and for other applications where guaranteed impact 
properties at low temperatures are required. 


7.1.2 Where it is proposed to use alternative steels, particulars of the specified chemical composition, mechanical properties 
and heat treatment are to be submitted for approval. 


7.2 Chemical composition 


7.2.1 The chemical composition of ladle samples is to comply with the limits specified in Table 4.7.1 Chemical composition of 
ferritic steel castings for low temperature service. Carbon-manganese steels are to be made by fine grain practice. 


Table 4.7.1 Chemical composition of ferritic steel castings for low temperature service 


Type of steel hemical composition % 


Residual elements 
max. 


Carbon-manganese 0,70-1,60 0,80 max. Cr 0,25 


2 '/4Ni 0,50-0,80 2,00-3,00 
Cu 0,30 


3 MoNi 0,50-0,80 3,00-4,00 


Mo 0,15 
V 0,03 


Total 0,60 
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7.3 Heat treatment 
7.3.1 Castings are to be supplied: 
(a) normalised; or 
(b) normalised and tempered; or 
(c) quenched and tempered. 
7.4 Mechanical tests 
7.4.1 One tensile test and one set of three Charpy V-notch impact test specimens are to be prepared from material 


representing each casting or batch of castings. 


7.4.2 The tensile test is to be carried out at ambient temperature, and the results are to comply with the appropriate 
requirements given in Table 4.7.2 Mechanical properties for acceptance purposes: ferritic steel castings for low temperature 
service. 


7.4.3 The average value for impact test specimens is to comply with the appropriate requirements given in Table 4.7.2 
Mechanical properties for acceptance purposes: ferritic steel castings for low temperature service. One individual value may be 
less than the required average value provided that it is not less than 70 per cent of this average value. See Ch 2, 1.4 Re-testing 
procedures for re-test procedure. 


Table 4.7.2 Mechanical properties for acceptance purposes: ferritic steel castings for low temperature service 


Type of steel Yield stress Tensile Elongation on | Reduction of Charpy V-notch impact test 
N/mm? strength 5,65 So % area % 
minimum N/mm? 


ee Test Average energy J 
minimum 9 gy 


minimum temperature °C minimum 


Carbon-manganese 200 400-550 25 40 
215 430-580 23 35 —60(see Note) 
230 460-610 22 30 


21/4Ni 275 490-640 20 35 34 


3 '/Ni . 275 490-640 20 35 34 


Note The test temperature for carbon-manganese steels may be 5°C below the design temperature if the latter is above -55°C, with a maximum 
test temperature of —20°C. 


7.5 Non-Destructive Examination 


7.5.4 The Non-Destructive Examination of castings is to be carried out in accordance with the appropriate requirements of Ch 
4, 1.7 Visual and surface Non-Destructive Examination 1.7.7 to Ch 4, 1.7 Visual and surface Non-Destructive Examination 1.7.10 
and Ch 4, 71.8 Volumetric Non-Destructive Examination 1.8.1 to Ch 4, 1.8 Volumetric Non-Destructive Examination 1.8.11, and 
additionally as agreed between the manufacturer, purchaser and Surveyor. 


| Section 8 
Stainless steel castings 


8.1 Scope 


8.1.1 This Section gives the requirements for castings in austenitic and duplex stainless steels for machinery, marine 
structures, piping systems in ships for liquefied gases, and in bulk chemical tankers. 


8.1.2 Austenitic stainless steels castings are suitable for applications where the lowest design temperature is not lower than — 
165°C. 


8.1.3 Duplex stainless steels castings are suitable for applications where the lowest design temperature is above 0°C. Any 
requirement to use duplex stainless steels castings below O°C will be subject to special consideration. 


Lioyp's REGISTER 143 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, JULY 2022 


Steel Castings Chapter 4 


Section 8 


8.1.4 Where it is proposed to use alternative steels, particulars of the specified chemical composition, mechanical properties 
and heat treatment are to be submitted for approval. 
8.2 Chemical composition 


8.2.1 The chemical composition of ladle samples is to comply with the requirements given in Table 4.8.1 Chemical 
composition of stainless steel castings. 


8.3 Heat treatment 
8.3.1 Austenitic stainless steel castings are to be solution treated at a temperature of not less than 1000°C and cooled rapidly 
in water. 


8.3.2 Duplex stainless steels castings are to be solution treated at a temperature of not less that 1100°C and cooled rapidly in 
water. 
8.4 Mechanical tests 


8.4.1 One tensile test specimen is to be prepared from material representing each casting or batch of castings. In addition, 
where the castings are intended for liquefied gas applications, where the design temperature is lower than —55°C, one set of three 
Charpy V-notch impact test specimens is to be prepared. 


Table 4.8.1 Chemical composition of stainless steel castings 


Type of Chemical composition % 
steel 


P Cr Others 


Austenitic 


304L 


304 


316L 


316 
0,20-1,5 0,50-2,0 17,0-21,0 
317 


347 


(see Note 
1) 


Duplex 


UNS J 21,0-23,0 
92205 0,15-0,20 
(see Note 


3) Cu 


1,00 


Note 1. When guaranteed impact values at low temperature are not required, the maximum carbon content may be 0,08% and the maximum 
niobium may be 1,00%. 


Note 2. Where a single value is shown (and not a range of values), the value is to be taken as maximum. 


Note 3 The grade UNS J 92205 is the cast equivalent of UNS S 31803. 
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Table 4.8.2 Mechanical properties for acceptance purposes: austenitic stainless steel castings 


Type of steel 


Tensile strength 
N/mm? minimum 


1,0% proof stress 
N/mm? minimum 


Elongation on 


5,65 So % 


Reduction of area 
% minimum 


Charpy V-notch impact test 


Test temperature 


Average energy J 


minimum °C 


minimum 


Austenitic 


304L 


304 


316L 


316 


317 


347 


Duplex 


UNS J 92205 (see 


0 
Note) oe 


420 


Note The grade UNS J 92205 is the cast equivalent of UNS S 31803. 


8.4.2 The tensile test is to be carried out at ambient temperature, and the results are to comply with the requirements given in 
Table 4.8.2 Mechanical properties for acceptance purposes: austenitic stainless steel castings. 


8.4.3 The average value for impact test specimens is to comply with the appropriate requirements given in Table 4.8.2 
Mechanical properties for acceptance purposes: austenitic stainless steel castings. One individual value may be less than the 
required average value provided that it is not less than 70 per cent of this average value. See Ch 2, 1.4 Re-testing procedures for 
re-test procedures. 


8.5 


8.5.1 Where corrosive conditions are anticipated in service, for grades 304, 316 and 317, intergranular corrosion tests are 
required in accordance with Ch 2, 9.7 Intergranular corrosion test. Such tests may also be required for grades 304L, 316L and 
347. 


Corrosion tests 


8.5.2 Where corrosive conditions are anticipated in service, for duplex stainless pitting corrosion tests are required in 
accordance with Ch 2, 9.2 Pitting corrosion test . For UNS J 92205 the test temperature is to be 20°C. 


8.6 


8.6.1 The Non-Destructive Examination of castings is to be carried out in accordance with the appropriate requirements of Ch 
4, 1.7 Visual and surface Non-Destructive Examination 1.7.7 to Ch 4, 1.7 Visual and surface Non-Destructive Examination 1.7.10 
and Ch 4, 7.8 Volumetric Non-Destructive Examination 1.8.1 to Ch 4, 1.8 Volumetric Non-Destructive Examination 1.8.11, and 
additionally as agreed between the manufacturer, purchaser and Surveyor. 


Non-Destructive Examination 


a Section 9 
Steel castings for container corner fittings 


9.1 General 


9.1.1 This Section gives the requirements for cast steel corner fittings used in the fabrication of freight and tank containers. 
The fittings are also to comply with the requirements of the latest edition of International Standard ISO 1161. 


9.1.2 The castings are to be made in foundries approved by LR. These foundries are also to be specially approved for the 
manufacture of container corner castings. In order to comply with these requirements, the manufacturer is required to verify that 
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the casting soundness, mechanical properties, weldability and dimensional tolerances required by this Section and the 
manufacturing specification are met. 


9.1.3 Castings may be released on the basis of an LR survey or, alternatively, the manufacturer may be approved by means of 
a Quality Assurance Scheme as detailed in Ch 1, 2 Approval and survey requirements. 
9.2 Chemical composition 


9.2.4 Chemical analysis is to be carried out on each cast. 


9.2.2 The chemical composition of the ladle samples is to comply with recognised National Standards and be within the limits 
given in Table 4.9.1 Chemical composition of steel castings for container corner fittings. 


9.2.3 The carbon equivalent 


_Mn , Cr+Mo+V_, Nit+Cu,, 
Cog C4 6 t 5 t is (%) 


must not exceed 0,45 per cent. 


9.3 Heat treatment 


9.3.1 Castings are to be supplied either : 


(a) normalised; or 
(ob) water or oil quenched and tempered at a temperature of not less than 550°C. 


9.4 Mechanical tests 


9.4.4 At least one tensile test is to be made on each batch of castings, using separately cast test bars which are to be from 
the same cast and heat treatment lot as the castings they represent. 


Table 4.9.1 Chemical composition of steel castings for container corner fittings 


Chemical composition % 


Al Residual elements (max.) 


acid 
soluble 
min. (see 
Notes) 


Total residuals (max.) 


0,17- 0,50- 


0,6 ,035 ; 0,01 8 1, 
0,23 1,60 0 0,03 0,035 015 0,80 0 


Note 1. The total aluminium content may be determined instead of the acid soluble content. In such cases, the total aluminium content is to be 
not less than 0,02%. 


Note 2. Aluminium may be replaced partly or totally by other grain refining elements as stated in the approved specification. 


9.4.2 The results of the tensile tests are to comply with the following: 


Yield stress 275 N/mm? min. 
Tensile strength 480 N/mm? min. 
Elongation on So 25% min. 
Reduction of area 40% min. 


Charpy V-notch impact test at 27 J 
-20°C: 


Charpy V-notch impact test at 21J 
-40°C: 
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When required by design, Charpy V-notch impact testing at temperatures lower than —40 °C may be required. 
9.5 Non-Destructive Examination 
9.5.1 A visual check for defects shall be carried out on the exterior and interior surfaces of each fitting. All defective fittings 


shall be destroyed. 


9.5.2 Ultrasonic or radiographic testing is to be carried out, in accordance with the appropriate requirements of Ch 4, 7.8 
Volumetric Non-Destructive Examination 1.8.1 to Ch 4, 1.8 Volumetric Non-Destructive Examination 1.8.11 respectively, on at least 
one casting from each cast or from every 400 castings, whichever is the lesser. If defects are found, all fittings in the batch shall be 
tested. All defective fittings shall be destroyed. 

9.6 Repair of defects 

9.6.1 Minor defects may be removed by grinding provided that the allowable minus tolerance is not exceeded. 


9.6.2 Welding repair is not permitted. 


9.7 Identification 

9.7.1 Each casting is to be clearly marked by the manufacturer with at least the following: 

(a) manufacturer's name or trade mark, 

(b) cast number or identification number which will enable the full history of the casting to be traced. 

9.7.2 Where the casting has been inspected and found acceptable it is to be marked with the Surveyor's personal stamp. 


9.7.3 The markings may be stamped or cast on the inner surface of the casting. 


9.8 Certification of materials 


9.8.1 For each consignment an LR certificate, see Ch 1, 3.7 General, is to be issued for castings made under LR survey or 
alternatively a manufacturer’s certificate is to be issued containing at least the following: 


a) Purchaser's name and order number. 

b) Grade of steel. 

) Drawing and/or specification number. 

d) Cast number and chemical composition. 

. Details of the heat treatment. 

f) | Number and weight of the castings. 

(g) Results of inspections and mechanical tests. 


See (Ch 7, 3.1 General), for manufacturers approved under a Quality Assurance Scheme. 
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Section 
1 General requirements 
2 Forgings for ship and other structural applications 
3 Forgings for shafting and machinery 
4 Forgings for crankshafts 
5 Forgings for gearing 
6 Forgings for turbines 
7 Forgings for boilers, pressure vessels and piping systems 
8 Ferritic steel forgings for low temperature service 
9 Stainless steel forgings 
a Section 1 
General requirements 
1.1 Scope 
1.1.1 This Section gives the general requirements for steel forgings intended for use in the construction of ships, other marine 


structures, machinery, boilers, pressure vessels and piping systems. These requirements are also applicable to rolled slabs and 
billets used as a substitute for forgings and to rolled bars used for the manufacture (by machining operations only) of shafts, bolts, 
studs and other components of similar shape. 


1.1.2 When required by the relevant Rules dealing with design and construction, forgings are to be manufactured and tested 
in accordance with Ch 7 General Requirements and Ch 2 Testing Procedures for Metallic Materials, together with the general 
requirements given in this Section and the appropriate specific requirements given in Sections Ch 5, 2 Forgings for ship and other 
structural applications to Ch 5, 9 Stainless steel forgings. 


1.1.3 As an alternative to Ch 5, 1.1 Scope 7.1.2, steel forgings which comply with National or proprietary specifications may 
be accepted provided that these specifications give reasonable equivalence to the requirements of this Chapter or alternatively are 
approved for a specific application. Generally, survey and certification are to be carried out in accordance with the requirements of 
Ch 1 General Requirements. 


1.1.4 Normalised forgings with mass up to 1000 kg each may be batch tested. A batch is to consist of forgings of similar 
shape and dimensions, made from the same steel-making heat, heat treated together and with a total mass not exceeding 6 
tonnes. 


1.1.5 Quenched and tempered forgings with mass up to 500 kg each may be batch tested. A batch is to consist of forgings 
of similar shape and dimensions, made from the same steel-making heat, heat treated together in the same furnace and with a 
total mass not exceeding 3 tonnes. 


1.1.6 A batch testing procedure may also be used for hot rolled bars, see Ch 5, 3.4 Mechanical tests 3.4.3. 

1.1.7 Where small forgings are produced in large quantities, or where forgings of the same type are produced in regular 
quantities, alternative survey procedures in accordance with Ch 1, 2.4 Materials Quality Scheme may be adopted. 

1.2 Manufacture 


1.2.1 Forgings are to be made at works which have been approved by Lloyd's Register (hereinafter referred to as LR). The 
steel used is to be manufactured in accordance with the requirements of Ch 3, 1.4 Manufacture. 


1.2.2 When forgings are made directly from ingots, or from blooms or billets forged from ingots, the ingots are to be cast in 
chill moulds with the larger cross-section uppermost and with efficient feeder heads. 


1.2.3 Adequate top and bottom discards are to be made to ensure freedom from piping and harmful segregations in the 
finished forgings. 
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1.2.4 The forgings are to be gradually and uniformly hot worked and are to be formed as closely as possible to the finished 
shape and size. The plastic deformation is to be such as to ensure soundness, uniformity of structure and satisfactory mechanical 
properties after heat treatment. 


1.2.5 For certain components, such as crankshafts, where grain flow is required in the most favourable direction having regard 
to the mode of stressing in service, the proposed method of manufacture may require special approval by LR. In such cases, tests 
may be required to demonstrate that a satisfactory structure and grain flow are obtained. 


1.2.6 The reduction ratio (reduction of area expressed as a ratio) is to be calculated with reference to the average cross- 
sectional area of the ingot or continuously cast material, where appropriate. Where an ingot is initially upset, this reference area 
may be taken as the average cross-sectional area after this operation. 


1.2.7 For components forged directly from ingots or from forged blooms or billets, and in which the fibre deformation is mainly 
longitudinal, the reduction ratio is not to be less than 3:1. 


1.2.8 For forgings made from rolled billets, or where fibre deformation has taken place in more than one direction, the 
reduction ratio is not to be less than 4:1. 


1.2.9 Where rolled bars are used as a substitute for forgings and the requirements of Ch 5, 7.2 Manufacture 1.2.2 are not 
complied with, the reduction ratio is to be not less than 6:1 unless otherwise accepted by the LR Surveyor. 


1.2.10 | Where the length of any section of a shaft forging is less than its diameter (e.g. a collar), the reduction ratio is to be not 
less than half that given in Ch 5, 7.2 Manufacture 1.2.7, Ch 5, 1.2 Manufacture 1.2.8 or Ch 5, 1.2 Manufacture 1.2.9 respectively. 


1.2.14 Disc type forgings, such as gear wheels, are to be made by upsetting, and the thickness of any part of the disc is to be 
not more than one-half of the length of the billet from which it was formed, provided that this billet has received an initial forging 
reduction of not less than 1,5:1. Where the piece used has been cut directly from an ingot, or where the billet has received an 
initial reduction of less than 1,5:1, the thickness of any part of the disc is to be not more than one-third of the length of the original 
piece. 


1.2.12 Rings and other types of hollow forgings are to be made from pieces cut from ingots or billets and which have been 
suitably punched, bored or trepanned prior to expanding or hollow forging. Alternatively, pieces from hollow cast ingots may be 
used. The wall thickness of the forging is to be not more than one-half of the thickness of the prepared hollow piece from which it 
was formed. Where this is not practicable, the forging procedure is to be such as to ensure that adequate work is given to the 
piece prior to punching, etc. This may be either longitudinal or upset working of not less than 2:1. 


1.2.13 | The shaping of forgings or rolled slabs and billets by flame cutting, scarfing or arc-air gouging is to be undertaken in 
accordance with recognised good practice and, unless otherwise approved, is to be carried out before the final heat treatment. 
Preheating is to be employed where necessitated by the composition and/or thickness of the steel. For certain components, 
subsequent machining of all flame cut surfaces may be required, see Ch 5, 4.2 Manufacture 4.2.4. 


1.2.14 | Where two or more forgings are joined by welding to form a composite component, details of the proposed welding 
procedure are to be submitted for approval. Welding approval procedure tests may be required. 


1.2.15 It is recognised that not every forged component type that may be subject to classification is included in this Chapter. In 
such cases where the particular component or type is not included, appropriate National/International Standards may be applied, 
to determine the appropriate testing regime and defect acceptance criteria. 


1.3 Quality 

1.3.1 All forgings are to be free from surface or internal defects which would be prejudicial to their proper application in 
service. 

1.4 Chemical composition 

1.4.1 All forgings are to be made from killed steels, and the chemical composition of ladle samples is to comply with the 


requirements detailed in subsequent Sections in this Chapter. Where general overall limits are specified, the chemical composition 
selected is to be appropriate for the type of steel, dimensions and required mechanical properties of the forgings being 
manufactured. 


1.4.2 Except where otherwise specified, suitable grain refining elements such as aluminium, niobium or vanadium may be 
used at the discretion of the manufacturer. The content of such elements is to be reported in the ladle analysis. 


1.4.3 For alloy steel forgings, the chemical composition of ladle samples is to generally comply with the following overall limits 
and the requirements of the approved specifications: 
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Carbon 0,45% max. 
Silicon 0,45% max. 
Manganese 0,30% min. 
Sulphur 0,035% max. 
Phosphorus 0,035% max. 
Copper 0,30% max. 
And at least one of the following elements to comply with the minimum content: 
Chromium 0,40% min. 
Molybdenum 0,15% min. 
Nickel 0,40% min. 
The contents of all alloying elements and significant impurities detailed in the specification are to be reported. 
1.5 Heat treatment 
1541 At an appropriate stage of manufacture, after completion of all hot working operations, forgings are to be suitably heat 


treated to refine the grain structure and to obtain the required mechanical properties. Acceptable heat treatment procedures are to 
be such as to avoid the formation of hair-line cracks and are detailed in Sections Ch 5, 2 Forgings for ship and other structural 
applications to Ch 5, 9 Stainless steel forgings. 


1.5.2 Heat treatment is to be carried out in a properly constructed furnace which is efficiently maintained and has adequate 
means of temperature control. The furnace dimensions are to be such as to allow all the steel forgings to be uniformly heated to 
the necessary temperature. In the case of very large forgings, alternative methods of heat treatment will be specially considered. 
Sufficient thermocouples are to be connected to the steel forging(s) in the furnace to show that the temperature is adequately 
uniform and the temperatures are to be recorded throughout the heat treatment. Copies of these records are to be presented to 
the Surveyor together with a sketch showing the positions at which the temperature measurements were carried out. The records 
are to identify the furnace that was used and give details of the steel-making heat, the heat treatment temperature, time at 
temperature and the date. The Surveyor is to examine the charts and confirm the details on the certificate. 


1.5.3 As an alternative procedure to the connection of thermocouples as required by Ch 5, 1.5 Heat treatment 1.5.2, 
temperature uniformity surveys of the heat treatment furnace may be accepted subject to approval by LR, Materials and NDE 
department. An initial temperature uniformity survey in the furnace fully loaded condition is required to be carried out in accordance 
with recognised standards (e.g. ASTM A991). Regular temperature uniformity surveys are then subsequently required at a 
frequency of at least once per year. 


1.5.4 Where forgings are to be quenched and tempered and cannot be hot worked close to size and shape, they are to be 
suitably rough machined or flame cut prior to being subjected to this treatment. 


15:5 If for any reason a forging is subsequently heated for further hot working, the forging is to be reheat treated. 


1.5.6 If any straightening operation is performed after the final heat treatment, consideration should be given to a subsequent 
stress relieving heat treatment in order to avoid the possibility of harmful residual stresses. 


1.5.7 Where it is intended to surface harden forgings, full details of the proposed procedure and specification are to be 
submitted for approval. For the purposes of this approval, the manufacturer will be required to demonstrate by tests that the 
proposed procedure gives a uniform surface layer of the required hardness and depth and that it does not impair the soundness 
and properties of the steel. 


1.5.8 Where induction hardening or nitriding is to be carried out after machining, forgings are to be heat treated at an 
appropriate stage to a condition suitable for this subsequent surface hardening. 


1.5.9 Where carburising is to be carried out after machining, forgings are to be heat treated at an appropriate stage (generally 
either by full annealing or by normalising and tempering) to a condition suitable for subsequent machining and carburising. 


1.5.10 The forge is to maintain records of heat treatment identifying the furnace used, furnace charge, thermocouple location, 
date, temperature and time at temperature. The records are to be presented to the Surveyor on request. 
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1.6 Test material 


1.6.1 Test material, sufficient for the required tests and for possible re-test purposes, is to be provided with a cross-sectional 
area of not less than that part of the forging which it represents. This test material is to be integral with each forging, except in the 
case of small forgings which are batch tested, see Ch 5, 1.6 Test material 1.6.4. 


1.6.2 Where a forging is subsequently divided into a number of components, all of which are heat treated together in the 
same furnace, for test purposes this may be regarded as one forging and the number of tests required is to be related to the total 
length and mass of the original multiple forging, see Ch 5, 2.4 Mechanical tests 2.4.2. 


1.6.3 Except for components which are to be carburised, test material is not to be cut from a forging until the heat treatment 
detailed in Ch 5, 2 Forgings for ship and other structural applications to Ch 5, 9 Stainless steel forgings has been completed. The 
testing procedure for components which are to be carburised is to be in accordance with the details given in Ch 5, 5 Forgings for 
gearing. 

1.6.4 Where a number of small forgings of about the same size are made from one cast and heat treated together in the same 
furnace, batch testing procedures (see Ch 5, 1.1 Scope 7.1.4) may be adopted using one of the forgings for test purposes, or 
alternatively using separately forged test samples. These test samples are to have a forging reduction similar to that used for the 
forgings which they represent. They are to be properly identified and heat treated together with the forgings. 


1.6.5 When required by the conditions of approval for surface hardened forgings (see Ch 5, 1.5 Heat treatment 1.5.7) 
additional test samples are to be processed at the same time as the forgings which they represent. These test samples are 
subsequently to be sectioned in order to determine the hardness, shape and depth of the locally hardened zone and which of 
them are to comply with the requirements of the approved specification. 


1.7 Mechanical tests 


1.7.1 Specimens for mechanical tests are to be prepared as required by Ch 5, 2 Forgings for ship and other structural 
applications to Ch 5, 9 Stainless steel forgings. 


1.7.2 Test specimens are normally to be cut with their axes either mainly parallel (longitudinal test) or mainly tangential 
(tangential test) to the principal axial direction of each product. 


1.7.3 Unless otherwise agreed, the longitudinal axis of the test specimens is to be positioned as follows: 


(a) for thickness or diameter < 50 mm, the axis is to be at the mid-thickness or the centre of the cross section; 
(b) for thickness or diameter > 50 mm, the axis is to be at one quarter thickness (mid-radius) or 80 mm, whichever is less, below 
any heat treated surface; 


Test pieces shall be taken in such a way that no part of the gauge length is machined from material closer than 12,5 mm to any 
heat treated surface. For impact testing, this requirement is to apply to the complete test piece. 


1.7.4 Tensile test specimens are to be machined to the dimensions detailed in Ch 2 Testing Procedures for Metallic Materials. 
Where this is precluded by the dimensions of the forging, the test specimen is to be of the largest practicable cross-sectional area. 


1.25 Impact test specimens are to be prepared in accordance with the requirements of Ch 2 Testing Procedures for Metallic 
Materials. 


1.7.6 The procedures used for the tensile and impact tests are to be in accordance with the requirements of Ch 2 Testing 
Procedures for Metallic Materials. 


1.7.7 Hardness tests, preferably of the Brinell tyoe, are to be carried out when specified in subsequent Sections in this 
Chapter. 
1.8 Visual and Non-Destructive Examination 


1.8.1 Before acceptance, all forgings are to be presented to the Surveyor for visual examination. Where applicable, this is to 
include the examination of internal surfaces and bores. 


1.8.2 Forgings are to be examined in the condition for final delivery. Surfaces are to be clean and free from dirt, grease, paint, 
etc. Black forgings are to be suitably descaled by either shotblasting or flame descaling methods. 


1.8.3 All forgings are to be free of cracks, crack-like indications, laps, seams, folds, or other injurious indications. At the 
request of the Surveyor, additional magnetic particle, dye penetrant and ultrasonic testing may be required for a more detailed 
evaluation of surface irregularities. 


1.8.4 When specified in subsequent Sections in this Chapter, or by an approved procedure for welding composite 
components, see Ch 5, 1.2 Manufacture 1.2.14, appropriate Non-Destructive Examination is also to be carried out before 
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acceptance. All tests are to be carried out in accordance with the requirements of Ch 1, 5 Non-destructive examination. In addition 
to the information listed in Ch 1, 5.6 Non-destructive examination reports, test results of surface inspections are to include the 
following items: 


(a) Testing method and testing details, including procedure number: 


° For liquid penetrant testing, the penetrant system used and viewing conditions (as appropriate to the penetrant technique 
and media used); 

e For magnetic particle testing, method of magnetising, test media, magnetic field strength, magnetic flux indicators (where 
appropriate) and viewing conditions (as appropriate to the magnetising technique and media used). 

(b) Details of weld repair including sketch (where applicable). 


1.8.5 Magnetic particle and liquid penetrant testing is to be carried out when the forgings are in the finished machined 
condition, see also Ch 7, 2.3 Materials Survey Scheme 2.3.5. For magnetic particle testing, attention is to be paid to the contact 
between the forging and the clamping devices of stationary magnetisation benches in order to avoid local overheating or burning 
damage on its surface. Prods are not permitted on finished machined items. The surface inspection is to be carried out before the 
shrink fitting, where applicable. Unless otherwise agreed, these tests are to be carried out in the presence of the Surveyor. Other 
surface inspection methods, e.g. eddy current testing, may be required by LR as a supplementary method, e.g. for confirming the 
presence of indications, or for detecting the presence of undocumented weld repairs. 


1.8.6 The following definitions apply to indications associated with magnetic particle and liquid penetrant inspection: 


(a) Linear indication. An indication with a largest dimension, /, three or more times its smallest dimension, w (i.e. /> 3w). 
(ob) Nonlinear indication. An indication with a largest dimension less than three times its smallest dimension (i.e. | < 3w). 
(c) Aligned indication. 


e Non-linear indications form an alignment when the distance between indications is less than 2 mm and at least three 
indications are aligned. An alignment of indications is considered to be a unique indication and its length is equal to the 
overall length of the alignment. 

° Linear indications form an alignment when the distance between two indications is smaller than the length of the longest 
indication. 

(d) Open indication. An indication visible after removal of the magnetic particles or that can be detected by the use of liquid 
penetrant testing. 

(e) Non-open indication. An indication that is not visually detectable after removal of the magnetic particles or that cannot be 
detected by the use of liquid penetrant testing. 

(f) Relevant indication. An indication that is caused by a condition or type of discontinuity that requires evaluation. Only 
indications which have any dimension greater than 1,5 mm are to be considered relevant for the categorisation of indications. 


1.8.7 Acceptance standards for defects found by visual or non destructive examinations are to be in accordance with any 
specific requirements of the approved plan, and with equivalence to any additional requirements of this Chapter. In all cases they 
are to be to the satisfaction of the Surveyor. 


1.8.8 Where required, ultrasonic examination is to be carried out after the forgings have been machined to a condition suitable 
for this type of examination and after the final heat treatment, but prior to the drilling of oil bores, prior to surface hardening and the 
machining of bolt threads. Both radial and axial scanning are to be carried out where appropriate for the shape and the 
dimensions of the forgings being examined. Scanning is to take into account near surface examination. Unless otherwise agreed, 
examinations are to be carried out by the manufacturer, although Surveyors may request to be present in order to verify that the 
examination is being carried out in accordance with the agreed procedure. 


1.8.9 If the forging is supplied in the black condition for machining at a separate works, the manufacturer is to ensure that a 
suitable ultrasonic examination is carried out to verify the internal quality of the forging. 


1.8.10 — In the circumstance detailed in either Ch 5, 1.8 Visual and Non-Destructive Examination 1.8.8 or Ch 5, 1.8 Visual and 
Non-Destructive Examination 1.8.9, the manufacturer is to provide the Surveyor with a signed report confirming that ultrasonic 
examination has been carried out and that such inspection has not revealed any significant internal defects. 


1.8.11 Unless otherwise agreed, the accuracy and verification of dimensions are the responsibility of the manufacturer. 


1.8.12 — In the event of any forging proving defective during subsequent machining or testing, it is to be rejected notwithstanding 
any previous certification. 
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1.8.13 Fillet radii should be examined using 45°, 60° or 70° probes, primarily to determine the presence of any cracks within 
the radiused areas, and as an additional scan to confirm any indications that may have been detected with 0° probe(s) within this 
area. 


1.8.14 For fabricated forgings and weld repairs, weld testing is to be carried out to the appropriate standard, and the 
acceptance determined by reference to Table 13.2.7 Acceptance criteria for ultrasonic and phased array testing. 


1.8.15 Construction of DAC curves for straight beam or normal probes are to be performed using reference blocks containing 
suitably sized Flat Bottom Holes (FBH) spaced over the inspection thickness. Reference blocks are to be manufactured from 
similar material, with a surface condition similar to that being inspected. Where necessary, allowances are to be made for 
attenuation losses by performing a transfer correction and adjusting the DAC curve as required. The applied transfer correction 
(measured in decibels (dB)) is to become the new reference sensitivity, against which indications are evaluated, according to the 
appropriate table contained in this Chapter, see Ch 5, 3.5 Non-Destructive Examination 3.5.6 and Table 5.4.5 Ultrasonic 
acceptance criteria for crankshafts: DGS Method — Normal probes. 


1.8.16 | Distance Gain Size (DGS) diagrams may also be used for normal probes with acceptance criteria and appropriate disc 
shaped reflector size defined in Ch 5, 3.5 Non-Destructive Examination 3.5.6 and Table 5.4.5 Ultrasonic acceptance criteria for 
crankshafts: DGS Method — Normal probes. 


1.8.17 | Where angle probes are used, the reference sensitivity is to be established by using either DAC or DGS methods. DAC 
sensitivity shall be established from 3 mm side drilled holes and the DGS method shall be based on appropriately sized flat bottom 
holes. Reference blocks are not required for the DGS method unless it is required to check the accuracy of a particular DGS 
diagram. 


1.8.18 | Advanced NDE methods, as described in Ch 7, 5.11 Advanced NDE methods, may be applied to forgings, as 


appropriate to the material type, thickness, complexity and geometry. Acceptance and rejection criteria levels are to be as per the 
applicable Section of this Chapter. 


1.8.19 Where such standards are used or referenced as a basis for acceptance and rejection criteria, the quality level is to be 
equivalent to the allowable criteria stated in the appropriate tables within this Chapter. The quality levels would normally be the 
highest, or most stringent, to provide reasonable equivalence. 


1.9 Rectification of defects 
1.9.1 Small surface imperfections may be removed by grinding or by chipping and grinding. Complete elimination of these 


imperfections is to be proved by magnetic particle or dye penetrant examination (as appropriate to the material). At the discretion 
of the Surveyor, the resulting shallow grooves or depressions can be accepted, provided that they are blended by grinding. 


1.9.2 Repairs by welding are not generally permitted, but special consideration will be given to such repairs where they are of 
a minor nature and in areas of low working stresses. In such cases, full details of the proposed repair and subsequent inspection 
procedures are to be submitted for review by the Surveyors prior to the commencement of the proposed rectification. A report 
and/or sketch detailing the extent and location of all repairs, together with details of the post-weld heat treatment and non- 
destructive examination are to be provided for record purposes and are to be attached to the certificate. 


1.9.3 Repair welding is not permitted for forgings subject to torsional fatigue, such as crankshafts and propeller shafts. 


1.9.4 Where fabrication welding is involved, see Ch 5, 1.2 Manufacture 1.2.14, any repair of defects is to be carried out in 
accordance with the approved welding procedure. 


1.9.5 The forging manufacturer is to maintain records of repairs and subsequent inspections traceable to each forging. The 
records are to be presented to the Surveyor on request. 


1.9.6 Non-open indications evaluated as segregation are acceptable. 


1.10 Identification 


1.10.1 The manufacturer is to adopt a system of identification, as per the requirements of Ch 7, 4.8 Identification of materials, 
which will enable all finished forgings to be traced to the original cast, forging process and heat treatment batch, and the Surveyor 
is to be given full facilities to trace the forgings when required. 


1.10.2 Forgings are to be clearly marked by the manufacturer in accordance with the requirements of Ch 7 General 
Requirements. The following details are to be shown on all forgings which have been accepted: 


(a) Identification number, cast number or other marking which will enable the full history of the forging to be traced. 
(b) LR or Lloyd's Register and the abbreviated name of LR's local office. 
(c) Personal stamp of Surveyor responsible for inspection. 
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(d) Test pressure, where applicable. 
(e) Date of final inspection. 


1.10.3 Modified arrangements for the identification of small forgings manufactured in large numbers, as with closed-die 
forgings may be agreed with the Surveyor. 


1.11 Certification of materials 
1.11.1 ALR certificate is to be issued, see Ch 7, 3.1 General. 


1.11.2 | The manufacturer is to provide the Surveyor with a written statement giving the following particulars for each forging or 
batch of forgings which has been accepted: 


a) Purchaser's name and order number. 

b) Description of forgings and steel quality. 

) Identification number. 

d) Steel-making process, cast number and chemical analysis of ladle samples. 
. General details of heat treatment. 

f) | Results of mechanical tests. 

(g) Test pressure, where applicable. 


1.11.38. As aminimum, the chemical composition of ladle samples is to include the content of all the elements detailed in the 
specific requirements. 


1.11.4 Where applicable, the manufacturer is also to provide a signed report regarding ultrasonic examination as required by 
Ch 5, 1.8 Visual and Non-Destructive Examination 1.8.8, a report of magnetic particle inspection and a statement and/or sketch 
detailing all repairs by welding as required by Ch 5, 1.9 Rectification of defects 1.9.2. 


1.11.5 | When steel is not produced at the works at which it is forged, a certificate is to be supplied by the steelmaker stating the 
process of manufacture, cast number and the chemical composition of ladle samples. The works at which the steel was produced 
is to have been approved by LR, see Ch 5, 1.4 Chemical composition 1.4.3. 


a Section 2 
Forgings for ship and other structural applications 


2.1 Scope 


2.1.1 This Section gives the specific requirements for carbon-manganese steel forgings intended for ship and other structural 
applications such as rudder stocks, pintles, etc. 


2.1.2 Where it is proposed to use an alloy steel, particulars of the chemical composition, mechanical properties and heat 
treatment are to be submitted for approval, see Ch 5, 1.4 Chemical composition 1.4.3. 
2.2 Chemical composition 


2.2.1 For forgings to which structural items are to be attached by welding or which are intended for parts of a fabricated 
component, or are to be weld cladded or may be subject to weld repair in service, the chemical composition of ladle samples is to 
comply with the following: 


Carbon 0,23% max. 
Silicon 0,45% max. 
Manganese 0,30—-1,50% but not less than 3 times the actual carbon 


content for components which are not given a post-weld 
heat treatment 


Sulphur 0,035% max. 
Phosphorus 0,035% max. 


Residual elements: 
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Copper 0,30% max. 
Chromium 0,30% max. 
Molybdenum 0,15% max. 
Nickel 0,40% max. 
Total 0,85% max. 
For samples from forgings, the carbon content is not to exceed 0,26 per cent. 
2.2.2 It is recommended that forgings for rudder stocks, pintles and rudder coupling bolts comply with Ch 5, 2.2 Chemical 


composition 2.2.1 in order to obtain satisfactory weldability for any future repairs by welding in service. 

2.2.3 For forgings not intended for welding the carbon content may be 0,65per cent max., see Ch 5, 3.2 Chemical 
composition 3.2.1. 

2.3 Heat treatment 

2.3.1 Carbon-manganese steel forgings are to be: 


a) fully annealed; or 

b) normalised; or 

c) normalised and tempered at a temperature of not less than 550°C. 
d) quenched and tempered. 


Fe 


2.3.2 Alloy steel forgings are to be quenched and then tempered at a temperature of not less than 550°C. Alternatively, they 
may be supplied in the normalised and tempered condition, in which case the specified mechanical properties are to be agreed by 
LR. 


2.4 Mechanical tests 
2.4.1 At least one tensile specimen is to be taken from each forging or batch of forgings. 


2.4.2 Where a forging exceeds both 4 tonnes in mass and 3 m in length, tensile test specimens are to be taken from each 
end. These limits refer to the ‘as forged’ mass and length but exclude the test material. 


2.4.3 Unless otherwise agreed between the manufacturer and the Surveyor, the test specimens are to be cut in a longitudinal 
direction. 


2.4.4 The results of all tensile tests are to comply with the requirements given in Table 5.2.1 Mechanical properties for ship 
and other structural applications appropriate to the specified minimum tensile strength. Forgings may be supplied to any specified 
minimum tensile strength within the general limits given in Table 5.2.1 Mechanical properties for ship and other structural 
applications, and intermediate values may be obtained by interpolation. See Ch 5, 2.4 Mechanical tests 2.4.6 for rudder stocks, 
pintles, and rudder coupling keys and bolts. 


2.4.5 For large forgings, where tensile tests are taken from each end, the variation in tensile strength is not to exceed 
70 N/mm. 


2.4.6 For rudder stocks, pintles, and rudder coupling keys and bolts, the minimum specified yield strength is not to be less 
than 200 N/mm2, see Table 13.2.1 Rudder material factor, k in Pt 3 Ship Structures (General) of the Rules and Regulations for the 
Classification of Ships, July 2022. 
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Table 5.2.1 Mechanical properties for ship and other structural applications 


Steel type Yield stress Tensile strength Elongation on 5,65 $0 min. % Reduction of area min. % 


N/mm? N/mm? 
minimum 


Long. Tang. Long. Tang. 


180 360-480 28 20 50 35 


200 400-520 26 19 50 35 


220 440-560 24 18 35 


235 470-590 23 Le , 35 


240 480-600 22 16 , 30 


260 520-640 21 15 , 30 


C and C-Mn 
280 560-680 14 | 27 


300 600-750 13 . 27 


640-790 


680-830 


720-870 


760-910 


550-700 


600-750 


650-800 


2.4.7 Impact tests are required for rudder stocks to be fitted to vessels which have an ice class notation. The tests are to be 
carried out at minus 10°C and the average energy value is to be not less than 27J. 


2.5 Non-destructive examination 


2.5.1 Surface inspections are to be carried out by visual examination and magnetic particle testing (or liquid penetrant testing 
where appropriate), for the purpose of detecting relevant indications and assessing them against the accept/reject criteria stated in 
Ch 5, 2.5 Non-destructive examination 2.5.4. Personnel engaged in visual examination are to have sufficient knowledge and 
experience; however, they may be exempted from formal qualification requirements. 


2.5.2 Surface inspections are to be carried out in Zones | and Il as indicated in Figure 5.2.7 Inspection zones for magnetic 
particle/liquid penetrant testing on rudder stocks. 
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L: length of the tapered portion 


(a) TypeA 


3x shaft dia. 


NOTE 
Welded areas are to be treated as Zone | 


(b) Type B 


(c) Type Cc 


Figure 5.2.1 Inspection zones for magnetic particle/liquid penetrant testing on rudder stocks 


2.5.3 For the purpose of evaluating indications, the surface is to be divided into reference areas of 225 cm?. The area is to be 
taken in the most unfavourable location relative to the indication being evaluated. 


2.5.4 The allowable number and size of indications in the reference area is given in Table 5.2.2 Steel forgings surface 
inspection. 
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Table 5.2.2 Steel forgings surface inspection 


Inspection zone Maximum number of Type of indication Maximum number Maximum dimension, 
indications each type mm 


Linear 0, see Note 
Non-linear 3 


Aligned 0, see Note 


Linear 8, see Note 


Non-linear 7 


Aligned 3, see Note 


Note Linear or aligned indications are not permitted on bolts, which receive a direct fluctuating load, e.g. main bearing bolts, connecting rod 
bolts, crosshead bearing bolts and cylinder cover bolts. 


2.5.5 Volumetric inspection is to be carried out by ultrasonic testing using the contact method. 
2.5.6 Ultrasonic testing is to be carried out on rudder stocks having a finished diameter of 200 mm or greater. 


2.5.7 Ultrasonic testing is to be carried out in the zones II and Ill as indicated in Figure 5.2.2 Inspection zones for ultrasonic 
testing on rudder stocks. Areas may be upgraded to a higher zone at the discretion of the Surveyor. 


2.5.8 Ultrasonic acceptance criteria are shown in Table 5.3.3 Acceptance criteria for ultrasonic testing of shafts and 
machinery components — DGS Method — Normal probes and Ch 5, 3.5 Non-Destructive Examination 3.5.6. 
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axial axial 
= radial ee y radial 
axial ‘Cp axial 
| 


Zone II Zone Ill 


Scanning direction for Type A and Type B 


3 x shaft dia. 


-r-—-—-—-—--—--—-—- 


3 x shaft dia. 


Special consideration is given to the welded areas 


axial 


(b) Type B 
_ axial 


Lower part 


axial 


(c) Type C Scanning direction 


for Type C 


NOTE 
Axial scan from end face also required for Type A and Type B 


Figure 5.2.2 Inspection zones for ultrasonic testing on rudder stocks 
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a Section 3 
Forgings for shafting and machinery 
3.1 Scope 
3.1.1 Detailed in this Section are the requirements for carbon-manganese steel forgings for shafting and other items of 


machinery which are not within the scope of Ch 5, 4 Forgings for crankshafts to Ch 5, 8 Ferritic steel forgings for low temperature 
service. 


3.1.2 Where it is proposed to use alloy steel forgings, particulars of the chemical composition, mechanical properties and heat 
treatment are to be submitted for approval. 


3.2 Chemical composition 

3.2.1 The chemical composition of ladle samples for carbon and carbon-manganese steels is to comply with the following 
overall limits: 

Carbon 0,65% max. 

Silicon 0,45% max. 

Manganese 0,30- 1,50% 

Sulphur 0,035% max. 

Phosphorus 0,035% max. 


Residual elements: 


Copper 0,30% max. 
Chromium 0,30% max. 
Molybdenum 0,15% max. 
Nickel 0,40% max. 
Total 0,85% max. 


3.2.2 For alloy steels, see Ch 5, 1.4 Chemical composition 1.4.3. 

3.2.3 For forgings to which structural items are to be attached by welding, or which are intended for parts of a fabricated 
component, are to be of weldable quality, see Ch 5, 2.2 Chemical composition 2.2.1. 

3.3 Heat treatment 

3.3.1 Forgings are to be: 


a) fully annealed; or 

b) normalised; or 

c) normalised and tempered; or 
d) quenched and tempered. 


_Z_ Cam 


The tempering temperature is to be not less than 550°C. 


3.4 Mechanical tests 


3.4.1 At least one tensile test is to be made on each forging, or each batch of forgings. Impact tests are not required except 
on screwshafts for ice service, see Ch 5, 3.4 Mechanical tests 3.4.12. 


3.4.2 Where a forging exceeds both 4 tonnes in mass and 3 m in length, a tensile test is to be taken from each end. These 
limits refer to the ‘as forged' mass and length but exclude the test material. 


3.4.3 A batch testing procedure may be used for hot rolled bars not exceeding 250 mm diameter, which are intended for the 
manufacture (by machining operations only) of straight shafting, bolts, studs and other machinery components of similar shape. A 
batch is to consist of either: 
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(a) material from the same piece provided that, where this is cut into individual lengths, these are all heat treated together in the 
same furnace, or 

(b) bars of the same diameter and cast, heat treated together in the same furnace and with a total mass not exceeding 2,5 
tonnes. 


3.4.4 The test specimens are to be taken in the longitudinal direction but, at the discretion of the manufacturer and if agreed 
by the Surveyor, alternative directions or positions as shown in Figs. Figure 5.3.1 Directions and positions of test specimens, 
Figure 5.3.2 Directions and positions of test specimens, and Figure 5.3.3 Directions and positions of test specimens may be used. 


Longitudinal 


Tangential 


Figure 5.3.1 Directions and positions of test specimens 


Longitudinal 


fthrough bolt hele) Longitudinal 


/ 


Tangential 


Figure 5.3.2 Directions and positions of test specimens 
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Tangential Tangential 


Tangential 


Figure 5.3.3 Directions and positions of test specimens 


3.4.5 For carbon-manganese steels, Table 5.3.1 Mechanical properties for acceptance purposes: carbon and carbon- 
manganese steel forgings for machinery and shafting gives the minimum requirements for yield stress, elongation and reduction of 
area, corresponding to different strength levels, but it is not intended that these should necessarily be regarded as specific grades. 
Intermediate values for other specified minimum tensile strengths should be calculated by interpolation. 


3.4.6 Forgings may be supplied to any specified minimum tensile strength selected within the general limits detailed in Table 
5.3.1 Mechanical properties for acceptance purposes: carbon and carbon-manganese steel forgings for machinery and shafting, 
except that for main propulsion shafting forgings the specified minimum tensile strength is to be as defined in the relevant Rules 
dealing with design. 


Table 5.3.1 Mechanical properties for acceptance purposes: carbon and carbon-manganese steel forgings for machinery and 
shafting 


Tensile strength N/mm? Yield stress Elongation on 5, 65/8, min % Reduction of area min. % 
N/mm? 


See Note 1 
| ) Longitudinal Tangential Longitudinal Tangential 


360 — 480 180 28 20 50 35 
400 — 520 200 26 19 50 35 
440 — 560 220 24 18 35 
470 — 590 235 23 17 | 35 
480 — 600 240 22 16 | 30 
520 — 640 260 21 15 | 30 
560 — 680 280 14 | 27 


600 — 750 300 13 | 27 


640 — 790 320 12 | 27 


680 — 830 340 12 24 
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700 — 850 350 11 35 24 


720 — 870 360 11 35 24 


760 — 910 380 10 35 24 


Note 1. For main propulsion shafting forgings, the specified minimum tensile strength is to be as defined in the relevant Rules dealing with 
design. 


Note 2. Where the specified minimum tensile strength exceeds 700 N/mm, forgings are to be supplied only in the quenched and tempered 
condition. 


3.4.7 The results of all tensile tests are to comply with the requirements given in Table 5.3.1 Mechanical properties for 
acceptance purposes: carbon and carbon-manganese steel forgings for machinery and shafting appropriate to the specified 
minimum tensile strength. 


3.4.8 The minimum requirements for yield stress, elongation and reduction of area, corresponding to different strength levels 
in alloy steel forgings are given in Table 5.3.2 Mechanical properties for acceptance purposes: alloy steel forgings for machinery 
and shafting. 


Table 5.3.2 Mechanical properties for acceptance purposes: alloy steel forgings for machinery and shafting 


Tensile strength N/mm? Yield stress Elongation on 5,65 So min % Reduction of area min. % 


N/mm? 
(See Note) ; , ed ; 
tudinal Tangential Longitudinal Tangential 


600 — 750 14 50 35 
650 — 800 13 35 
700 — 850 12 | 30 
750 — 900 11 30 
800 — 950 | 27 


850 — 1000 | 27 


900 - 1100 ! 97 
950 - 1150 24 
1000 - 1200 D4 


1050 — 1250 24 


1100 - 1300 24 


Note For main propulsion shafting forgings, the minimum specified tensile strength is to be as defined in the relevant Rules dealing with design. 
For other forgings the minimum specified tensile strength is not to exceed 1100 N/mm? (1100-1300 N/mm? acceptance range). 


3.4.9 Forgings in alloy steels may be supplied to any specified minimum tensile strength selected within the general limits 
detailed in Table 5.3.2 Mechanical properties for acceptance purposes: alloy steel forgings for machinery and shafting, and 
minimum yield stress, elongation and reduction of area, obtained by interpolation, except that for main propulsion shafting forgings 
the specified minimum tensile strength is to be as defined in the relevant Rules dealing with design. 


3.4.10 The results of all tensile tests are to comply with the requirements given in Table 5.3.2 Mechanical properties for 
acceptance purposes: alloy steel forgings for machinery and shafting appropriate to the specified minimum tensile strength. 


3.4.11 Where more than one tensile test is taken from a forging, the variation in tensile strength is not to exceed the following: 


Specified minimum tensile Difference in tensile strength 
strength N/mm? N/mm? 
<600 70 
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2600 <900 100 


2900 120 


3.4.12 For screwshafts intended for ships with the notation Ice Class 1AS or 1A and where the connection between the 
propeller and the screwshaft is by means of a key, a set of three Charpy V-notch impact tests (longitudinal test) is to be made on 
material from the propeller end of each shaft. The tests are to be carried out at -10°C and the average energy value is to be not 
less than 20 J. 


3.5 Non-Destructive Examination 
3.5.1 Magnetic particle or liquid penetrant testing (where appropriate) is to be carried out on forgings for main propulsion 


shafting (including propeller shafts, intermediate shafts, and thrust shafts with minimum diameter not less than 200 mm), on all 
connecting rod and tie rod forgings and on the following components: 


Cylinder heads (when intended for engines having a bore diameter larger than 300 mm) 

Piston crowns (when intended for engines having a bore diameter larger than 400 mm) 

Piston rods (when intended for engines having a bore diameter larger than 400 mm) 

Turbocharger shaft and rotor (when required by the relevant Rules dealing with engine design and construction) 


When intended for engines having a bore diameter larger than 300 mm, bolts and studs for: 


° Cylinder heads 

e — Crossheads 

e — Connecting rod bearings 
e Main bearings 

e — Crankshafts 

e —- Tie rods 

e — Holding down bolts 

° Propeller blades 

° Propeller bosses 


Regardless of the above, bolts and studs which are subjected to dynamic loading (for example, but not limited to, cylinder head 
bolts, tie rods, crankpin bolts, main bearing bolts, engine holding down bolts, propeller blade fastening bolts, coupling bolts for 
crankshafts) and have a diameter of 50 mm or greater are to be subjected to surface examinations. 


3.5.2 The bores of hollow propeller shafts are to be visually for imperfections uncovered by the machining operation; relevant 
indications shall be assessed using the accept/reject criteria stated in Table 5.2.2 Steel forgings surface inspection. 


3.5.3 The areas to be tested by magnetic particle or liquid penetrant testing are shown in Figure 5.3.4 Zones for magnetic 
particle/liquid penetrant testing on machinery components and Figure 5.3.5 Zones for magnetic particle/liquid penetrant testing on 
machinery components. Areas of other components not shown in these figures are to be agreed with the Surveyor. For tie rods, 
only threaded portions and the adjacent material over a length equal to that of the thread need be tested. 
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§— 150mm 


(a) Propeller shaft 


(b) Intermediate shaft 


(c) Thrust shaft 


NOTE 
For propeller shaft, intermediate shafts and thrust shafts, all areas with stress raisers such as racial holes, 
slots and key ways are to be treated as Zone |. 


Figure 5.3.4 Zones for magnetic particle/liquid penetrant testing on machinery components 
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3.5.4 


NOTE | 
Thread, holes and their circumstances are to be L: Length of thread 
treated as Zone | 


(a) Connecting rod (b) Fiston rod 


(c) Cross head 


(E> 


L: Length of thread 


(d) Bolt 


Figure 5.3.5 Zones for magnetic particle/liquid penetrant testing on machinery components 


Surface inspection acceptance criteria are to be in accordance with Ch 5, 2.5 Non-destructive examination. Other 


acceptance criteria may be applied, providing they meet these minimum criteria, and are to the satisfaction of the Surveyor. 


3.5.5 


Ultrasonic testing is to be carried out in accordance with Ch 5, 2.5 Non-destructive examination on the following items 


unless otherwise agreed with LR: 


a) 
b) 
C) 
d) 


Fe 


Shafts having a finished diameter of 200 mm or larger when intended for main propulsion or other essential services. 
All piston crowns 

All cylinder heads. 

Piston rods for engines having a bore diameter greater than 400 mm. 
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(e) Connecting rods 

(f) | Turbocharger shaft and rotor (when required by the relevant Rules dealing with design and construction). 

(g) Bolts and studs (as listed in Ch 5, 3.5 Non-Destructive Examination 3.5.1) for engines having a bore diameter greater than 
300 mm. 


The areas to be tested are shown in Figure 5.3.6 Zones for ultrasonic testing on shafts and Figure 5.3.7 Zones for ultrasonic 
testing on machinery components. Areas of other components not shown in these drawings are to be agreed with the Surveyor. 


axial 


—>|~~_ 360° racial 180° radial 


(AWN eS 


(c) Thrust shaft 


Notes 

For hollow shafts, 360° radial scanning applies to Zone Ill 
2. Circurmferences of the bolt holes in the flanges are to be treated as Zone Il 
3. Axial scan from end face also required 


Figure 5.3.6 Zones for ultrasonic testing on shafts 
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axial 


Pen 180° radial 


r 


| 
Zone Il Zone Ill 


Scanning direction 


£ 

4 

yu 
=| 


L: length of thread 


(a) Connecting rod (b) Piston rod 


(c) Cross head 


NoTE 
Axial scan from end face also required 


Figure 5.3.7 Zones for ultrasonic testing on machinery components 


3.5.6 Ultrasonic acceptance criteria are shown in Table 5.3.3 Acceptance criteria for ultrasonic testing of shafts and 
machinery components — DGS Method - Normal probes and Ch 5, 3.5 Non-Destructive Examination 3.5.6. Other acceptance 
criteria may be applied, providing they meet these minimum criteria, and are acceptable to the Surveyor. 
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Table 5.3.3 Acceptance criteria for ultrasonic testing of shafts and machinery components — DGS Method — Normal probes 


Type of forging 


Allowable disc shape 
according to DGS (see 
Notes 1 & 2) 


Allowable length of 
indication 


Allowable distance 
between two indications 
(see Note 3) 


Propeller shaft 
Intermediate shaft 
hrust shaft 


Rudder stock 


outer: d< 2mm 


inner: d <4 mm 


outer: d< 3mm 


inner: d <6 mm 


<10mm 


<15mm 


> 20mm 


>20mm 


Connecting rod 


d<2mm 


d<4mm 


Note 7. DGS: Distance Gai 


n Size. 


Note 2. Outer part means the part beyond one-third of the shaft radius from the ce! 


Note 3. In case of accumu 


ations of two or more isolated indications which are sub 
two neighbouring indications should be at least the length of the larger indication. This applies to the distance in axial directions as well as 
to the distance in depth. Isolated indications with shorter distances between them are to be determined as one single indication. 


ntre; inner part means the remaining core area. 


jected to registration, the minimum distance between 


Table 5.3.4 Acceptance criteria for ultrasonic testing of shafts and machinery components — DAC Method — Normal probes 


Type of forging 


DAC reference level, 
based on 3 mm FBH (see 
Notes 1 & 2) 


Allowable length of 
indication 


Allowable distance 
between two indications 
(see Note 3) 


Propeller shaft 


Intermediate shaft 


Outer: DAC minus 7 dB 


Inner: DAC + 5 dB 


Outer: + 0 DAC 


Inner: DAC + 12 dB 


<10mm 


<15mm 


>20mm 


Thrust shaft 


Rudder stock 


Outer: DAC minus 7 dB 
Inner: DAC + 5 dB 


Outer: + O DAC 
Inner: DAC + 12 dB 


170 
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Connecting rod DAC minus 7 dB <10mm >20mm 


DAC + 5 dB <10mm > 20mm 


Note 7. The requirement of a 3 mm FBH is to standardise the DAC reference blocks for clarity and consistency. The dB value for the 
FBH/DAC setting is equivalent to the disc-shaped reflector stated above, corresponding to the applicable zone. 


Note 2. Other size FBHs may be used for the DAC Method (and the dB value adjusted accordingly to provide equivalence with the stated 
FBH/disc-shaped reflector). Where other size FBHs are used, the ultrasonic procedure is to state the equivalence using an appropriate 
calculation formula. 


Note 3. In case of accumulations of two or more isolated indications which are subject to registration, the minimum distance between two 
neighbouring indications must be at least the length of the larger indication. This applies to the distance in axial directions as well as to 
the distance in depth. Isolated indications with shorter distances between them are to be determined as one single indication. 


a Section 4 
Forgings for crankshafts 


4.1 Scope 


4.1.1 The specific requirements for solid forged crankshafts and forgings for use in the construction of fully built and semi-built 
crankshafts are detailed in this Section. 


4.1.2 Where it is proposed to use alloy steel forgings, particulars of the chemical composition (see Ch 5, 1.4 Chemical 
composition 1.4.3), heat treatment and mechanical properties are to be submitted for approval. The specified minimum tensile 
strength is not to exceed 1000 N/mm? (1000-1200 N/mm? acceptance range). 


4.2 Manufacture 


4.2.1 For closed die and continuous grain flow crankshafts forgings, where an allowance is given for design purposes, full 
details of the proposed method of manufacture are to be submitted for approval. In such cases, tests will be required to 
demonstrate that a satisfactory structure and grain flow are obtained. The number and positions of test specimens are to be 
agreed with LR. 


4.2.2 For the manufacture of welded crankshafts, approval is required for the welding procedure. 


4.2.3 For combined crankweb and pin forgings, the proposed method of forging is to be submitted for approval. It is 
recommended that these forgings be made by a folding method. Other methods which can be shown to produce sound forgings 
with satisfactory mechanical properties will be considered, but where the gapping method is used for cranks having a pin diameter 
exceeding 510 mm this will only be accepted provided that an upsetting operation is included in the manufacturing sequence. In 
general, the amount of work during the upsetting operation is to be such that the reduction in the original length of the ingot (after 
discard) or bloom is not less than 50 per cent. 


4.2.4 Where crankwebs are flame cut from forged or rolled slabs, the procedure used is to be in accordance with Ch 5, 1.2 
Manufacture 1.2.13, and additionally, unless specially agreed, a depth of at least 7,5 mm is to be removed by machining from all 
flame-cut surfaces. 


4.3 Chemical composition 


4.3.1 The chemical composition of ladle samples is to comply with Ch 5, 3.2 Chemical composition 3.2.1 for carbon and 
carbon-manganese steels and Ch 5, 1.4 Chemical composition 1.4.3 for alloy steels. 


4.3.2 For alloy steel forgings which are to be nitrided, the phosphorus or sulphur contents are not to exceed 0,02 per cent. 
4.4 Heat treatment 
4.4.1 For forgings in all types of steels, heat treatment is to be either: 


(a) normalising and tempering, or 
(b) quenching and tempering. 


The temperature used for tempering is to be not less than 550°C. 
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4.4.2 Where it is proposed to surface harden crankshaft forgings by nitriding or induction hardening, full details of the 
proposed procedure are to be submitted as required by Ch 5, 1.5 Heat treatment 1.5.7. 


4.5 Mechanical tests 
4.5.1 At least one tensile test specimen is to be taken from each forging. 


4.5.2 For solid forged crankshafts, tests are to be taken in the longitudinal direction from the coupling end of each forging (test 
position A in Figure 5.4.1 Solid forged crankshaft). Where the mass, as heat treated but excluding test material, exceeds 3 tonnes, 
a second set of tests is to be taken from the end opposite the coupling, in addition (test position B in Figure 5.4.1 Solid forged 
crankshaft). Where the crankthrows are formed by machining or flame cutting, the second set of tests is to be taken in a tangential 
direction from material removed from the crankthrow at the end opposite the coupling (test position C in Figure 5.4.1 Solid forged 
crankshaft). For continuous grain flow (CGF) crankshaft forgings, where insufficient material exists for a second longitudinal test, 
the second set of tests may be taken in a tangential direction from the crankthrow (test position C in Figure 5.4.2 CGF Crankshaft). 


Test position B 
Test position A (longitudinal) 
(longitudinal) 


3108/01 


Test position C 
Coupling end tangential 


Figure 5.4.1 Solid forged crankshaft 


Test position C 
Test position A (tangential) 
(longitudinal) 


Test position B 
(longitudinal) 


Figure 5.4.2 CGF Crankshaft 


4.5.3 The number and position of test specimens from combined crankweb and pin forgings are to be in accordance with the 
requirements of the approved method of manufacture. 


4.5.4 For other crankshaft forgings, tests are to be taken as detailed in Ch 5, 3 Forgings for shafting and machinery, except 
that for crankwebs the test specimens are to be cut in a tangential direction. 


4.5.5 As an alternative to Ch 5, 4.5 Mechanical tests 4.5.2, small solid forged crankshafts may be batch tested in accordance 
with Ch 5, 1.6 Test material 1.6.4, provided that, in addition, hardness tests are carried out on each forging. 
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4.5.6 Table 5.4.1 Mechanical properties for acceptance purposes: carbon-manganese steel forgings for crankshafts to Table 
5.4.3 Mechanical properties for acceptance purposes: alloy steel forgings for crankshafts - Quenched and tempered give the 
minimum requirements for yield stress and elongation corresponding to different strength levels, but it is not intended that these 
should necessarily be regarded as specific grades. The strength levels have been given in multiples of 40 N/mm2, or 50 N/mmé@ in 
the case of alloy steels, to facilitate interpolation for intermediate values of specified minimum tensile strength. 


Table 5.4.1 Mechanical properties for acceptance purposes: carbon-manganese steel forgings for crankshafts 


Elongation on 5,65 So % minimum Hardness Brinell 


Yield stress N/mm? 


Tensile strength N/mm2 ai 
minimum 


Long. Tang. 


400 — 520 200 26 110-150 


440 — 560 220 24 125 - 160 


480 — 600 240 22 135-175 
520 — 640 260 21 150 - 185 
560 — 680 280 20 160 — 200 


600 — 750 300 18 175 - 215 


640 — 790 320 17 185 — 230 
680 — 830 340 16 200 — 240 


720 — 870 350 15 210-250 


760 — 910 380 14 225 — 265 


Intermediate values may be obtained by interpolation. 


4.5.7 Forgings may be supplied to any specified minimum tensile strength selected within the general limits detailed in Table 
5.4.1 Mechanical properties for acceptance purposes: carbon-manganese steel forgings for crankshafts to Table 5.4.3 Mechanical 
properties for acceptance purposes: alloy steel forgings for crankshafts - Quenched and tempered. 


4.5.8 The results of all tensile tests are to comply with the requirements of Table 5.4.1 Mechanical properties for acceptance 
purposes: carbon-manganese steel forgings for crankshafts, Table 5.4.2 Mechanical properties for acceptance purposes: alloy 
steel forgings for crankshafts - Normalised and tempered or Table 5.4.3 Mechanical properties for acceptance purposes: alloy 
steel forgings for crankshafts - Quenched and tempered appropriate to the specified minimum tensile strength. 


4.5.9 Where more than one tensile test is taken from a forging, the variation in tensile strength is not to exceed the following: 


Specified minimum tensile Difference in tensile strength 
strength N/mm? N/mm? 

<600 70 

>600 <900 100 

>900 120 


4.5.10 — For small crankshaft forgings which have been batch tested, the hardness values are to be not less than those given in 
Table 5.4.1 Mechanical properties for acceptance purposes: carbon-manganese steel forgings for crankshafts to Table 5.4.3 
Mechanical properties for acceptance purposes: alloy steel forgings for crankshafts - Quenched and tempered, as appropriate. 
The variation in hardness in each batch is to comply with the following: 


Specified minimum tensile Difference in hardness (Brinell 
strength (N/mm?) number) 

<600 not more than 25 

>600 <900 not more than 35 

>900 not more than 42 
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Table 5.4.2 Mechanical properties for acceptance purposes: alloy steel forgings for crankshafts - Normalised and tempered 


Tensile strength | Yield stress Elongation on 
2 2 
N/mm N/mm 5,65 So % 
minimum 


Hardness 
minimum Brinell 


Long. Tang. 


600 — 750 330 175-215 
650 — 800 355 190 - 235 
700 — 850 380 205 — 245 


750 — 900 405 215 — 260 


800 — 950 430 235 — 275 


Intermediate values may be obtained by interpolation. 


Table 5.4.3 Mechanical properties for acceptance purposes: alloy steel forgings for crankshafts - Quenched and tempered 


Tensile Yield stress | Elongation on 5,65 So Hardness 
strength N/mm? Brinell 
N/mm? minimum 


% minimum 


Long. Tang. 


600-750 420 14 175-215 
650-800 450 13 190-235 
700-850 480 12 205-245 
750-900 530 11 215-260 
800-950 590 235-275 
850-1000 640 245-290 
900-1100 690 260-320 


950-1150 750 275-340 


1000-1200 810 290-365 


Intermediate values may be obtained by interpolation. 


4.6 Non-Destructive Examination 


4.6.1 Magnetic particle or liquid penetrant testing as detailed in Ch 5, 1.8 Visual and Non-Destructive Examination 1.8.5 is to 
be carried out on all forgings for crankshafts. Where applicable, this is to include all surfaces which have been flame-cut, but not 
subsequently machined during manufacture. Particular attention is to be given to the testing of the pins, journals and associated 
fillet radii of solid forged crankshafts and to the pins and fillet radii of combined web and pin forgings. The extent of testing is 
shown in Figure 5.4.3 Zones for magnetic particle/liquid penetrant testing on crankshafts. 
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Section A-A 3 Section B-B 


Section A-A Section B-B 
(b) Semi built-up crankshaft 


Notes 
1. Where the crankpin or journal has oil holes, the circumferential surfaces of the oil are to 
be treated as Zone |, (see the figure on the right) 


2. Inthe above figures: 7 
6 = 60° 
a=1,5r = & -|--—- 
b = 0,05d (: circumferential surfaces of shrinkage fit) 
2qb 


where 
r: fillet radius 
d : journal diameter 
Identification of the Zones: 
: Zone | 
: Zone Il 

[7]: Zone Ill <>] 

db 
db: Oil hole bore diameter 


Figure 5.4.3 Zones for magnetic particle/liquid penetrant testing on crankshafts 


4.6.2 The manufacturer is to carry out an ultrasonic examination of all crankshaft forgings as detailed in Ch 5, 1.8 Visual and 
Non-Destructive Examination 1.8.8. The extent of ultrasonic testing is shown in Figure 5.4.4 Zones for ultrasonic testing on 
crankshafts. 
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Scanning direction 


Ax Bs 


a—| 
| 


god 


Section A-A A= Section B-B 


(a) Solid crankshaft 


Saal 
ella 


Sectio! Section B-B 


(b) Semi built-up crankshaft 


Notes 
1. In the above figures: 
a =0,1d or 25 mm, whichever is greater 
b =0,05d or 25 mm, whichever is greater (: circumstances of shrinkage fit) 
where 
d : pin or journal diameter 
The mid third area of crank pins and/or journals within a raduis of 0,25d 
between the webs may generally be coordinated to Zone Il 
dentification of the Zones: 
DE : Zone! 
[dd : Zone ll 
[| :Zonelll 


Figure 5.4.4 Zones for ultrasonic testing on crankshafts 


4.6.3 Surface inspection acceptance criteria are to be in accordance with Ch 5, 1.8 Visual and Non-Destructive Examination 
and with Table 5.4.4 Surface inspection acceptance for crankshaft forgings — Allowable number and size of indications in a 
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reference area of 225 cm? . Other acceptance criteria may be applied, providing they meet these minimum criteria, and is to the 
satisfaction of the Surveyor. 


Table 5.4.4 Surface inspection acceptance for crankshaft forgings — Allowable number and size of indications in a reference 
area of 225 cm? 


Inspection zone Maximum number | Type of indication | Maximum number Maximum 
of each type dimension of 
indication single indication, 


| Linear 


Critical fillet Non-linear 
area Aligned 


ll Linear 
Important fillet Non-linear 
area Aligned 


Ill Linear 


Journal Non-linear 
surfaces Aligned 


4.6.4 Ultrasonic acceptance criteria are shown in Ch 5, 3.5 Non-Destructive Examination 3.5.6 and Ch 5, 3.5 Non-Destructive 
Examination 3.5.6. Other acceptance criteria may be applied, providing they meet these minimum criteria, and are acceptable to 
the Surveyor. 


Table 5.4.5 Ultrasonic acceptance criteria for crankshafts: DGS Method — Normal probes 


Allowable according disc- Allowable distance 
; Allowable length of toes 
Type of forging shape to DGS (see Note aicaion between two indications 
indicati 
1) (see Note 2) 


Not applicable (see Note 
d< 1mm (see Note 3) sis 4) | Not applicable 


Crankshaft d<2mm > 20mm 
<10mm 


d<4mm >20mm 
<15mm 


Note 7. DGS: Distance Gain Size 


Note 2. In case of accumulations of two or more isolated indications which are subjected to registration, the minimum distance between 


two neighbouring indications is to be at least the length of the larger indication. This applies to the distance in axial directions as well as to 


the distance in depth. Isolated indications with shorter distances between them are to be determined as one single indication. 


Note 3. For Zone 1 testing, probe selection should take into account the limits of probe beam-path length and depth of beam penetration 
and should normally be carried out with a minimum probe frequency of 4 MHz. 


Note 4. For Zone 1, indications with an echo height greater than a 1 mm disc-shaped reflector are not acceptable. Indications with an 
echo height of less than 1 mm are acceptable if they are deemed as point reflectors and have no measurable length. 
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Table 5.4.6 Ultrasonic acceptance criteria for crankshafts: DAC Method — Normal probes 


DAC reference level, 
based on Allowable distance 


Allowable length of places Nel 

indication between two indications 
i 

8 mm FBH (see Notes 1, 2 (see Note 5) 


& 3) 


Type of forging 


Not applicable (see Note 
8mm DAC minus 18.48 |. Peles Not applicable 


Crankshaft 
: 3mm DAC minus7dB |< 10mm >20 mm 


3mm DAC + 5 dB <15mm >20mm 


Note 7. The requirement of a 3 mm FBH is to standardise the DAC reference blocks for clarity and consistency. The dB value for the 
FBH/DAC setting is equivalent to the disc-shaped reflectors stated in Table 5.4.5 Ultrasonic acceptance criteria for crankshafts: DGS 


Method — Normal probes, corresponding to the applicable zone. 


Note 2. Other size FBHs may be used for the DAC Method (and the dB value adjusted accordingly to provide equivalence with the stated 
FBH/disc-shaped reflector). Where other size FBHs are used, the ultrasonic procedure is to state the equivalence using an appropriate 
calculation formula. 


Note 3. For Zone 1 testing, probe selection is to take into account the limits of probe beam-path length and depth of beam penetration, 
and is normally carried out with a minimum probe frequency of 4 MHz. 


Note 4. For Zone 1, indications with an echo height greater than the DAC reference level are not acceptable. Indications with an echo 
height of less than the DAC reference level are acceptable if they are deemed as point reflectors and have no measurable length. 


Note 5. In case of accumulations of two or more isolated indications which are subject to registration, the minimum distance between two 
neighbouring indications is to be at least the length of the larger indication. This applies to the distance in axial directions as well as to the 
distance in depth. Isolated indications with shorter distances between them are to be determined as one single indication. 


| Section 5 
Forgings for gearing 


5.1 Scope 


tora | Provision is made in this Section for carbon-manganese and alloy steel forgings intended for use in the construction of 
gearing for main propulsion and for driving electric generators. 


5.1.2 Gear wheel and rim forgings with a specified minimum tensile strength not exceeding 760 N/mm? (760-910 N/mm? 
acceptance range) may be made in carbon-manganese steel. Gear wheel or rim forgings where the specified minimum tensile 
strength is in excess of 760 N/mm%, and all pinion or pinion sleeve forgings, are to be made in a suitable alloy steel. Specifications 
for alloy steel components and for quill shafts, giving chemical composition, heat treatment and mechanical properties, are to be 
submitted for approval. 


5.1.3 Forgings for flexible couplings, quill shafts and gear wheel shafts are to comply with the requirements of Ch 5, 3 
Forgings for shafting and machinery. 


5.1.4 Manufacturers’ test certificates for forgings may be accepted where the transmitted power does not exceed 220 kW 
(800 shp) for main propulsion and 100 kW (150 shp) for auxiliary drives. 
5.2 Manufacture 


5.2.1 All forgings are to be made with sufficient material to allow an adequate machining allowance on all surfaces for the 
removal of unsound or decarburised material. 


5:22 The hardenabilty of the forged material is to be checked at random intervals using an end quench test complying with a 
National or International Standard. 


5.2.3 The grain size is to be checked on a random basis in accordance with the testing and reporting procedures of ASTM E 
112, or an equivalent National Standard, and is to be within the range 5 to 8. 
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5.2.4 The microstructure of the hardened case is to be mainly martensite, with a maximum content of 15 per cent of retained 
austenite. 


5.3 Chemical composition 


5.3.1 The chemical composition of ladle samples is to comply with Ch 5, 3.2 Chemical composition 3.2.1 for carbon and 
carbon-manganese steels and Ch 5, 1.4 Chemical composition 1.4.3 for alloy steels. 


5.4 Heat treatment 


5.4.1 Except as provided in Ch 5, 5.4 Heat treatment 5.4.4 and Ch 5, 5.4 Heat treatment 5.4.5, forgings may be either 
normalised and tempered or quenched and tempered in accordance with the approved specification. The tempering temperature 
is to be not less than 550°C. 


5.4.2 Where forgings are machined prior to heat treatment, the allowance left for final machining is to be sufficient to remove 
the decarburised surface material, taking into account any bending or distortion which may occur. 


5.4.3 When the teeth of a pinion or gear wheel are to be surface hardened, i.e. carburised, nitrided or induction hardened, the 
proposed specification together with details of the process and practice are to be submitted for approval. For purposes of initial 
approval, the gear manufacturer is required to demonstrate by test that the surface hardening of the teeth is uniform and of the 
required depth and that it does not impair the soundness and quality of the steel. 


5.4.4 Where induction hardening of nitriding is to be carried out after machining of the gear teeth, the forgings are to be heat 
treated at an appropriate stage to a condition suitable for this subsequent surface hardening. 


5.4.5 Forgings for gears which are to be carburised after final machining are to be supplied in either the fully annealed or the 
normalised and tempered condition, suitable for subsequent machining and carburising. 


5.5 Mechanical tests for through hardened, induction hardened or nitrided forgings 


5.5.1 At least one tensile test specimen is to be taken from each forging in carbon or carbon-manganese steel, and at least 
one tensile specimen from forgings in alloy steel. Sufficient test material is to be provided for this purpose and the test specimens 
are to be taken as follows: 


(a) For pinion forgings where the finished diameter of the toothed portion exceeds 200 mm, tests are to be taken in a tangential 
direction and adjacent to the toothed portion (test position B in Figure 5.5.1 Test positions for forgings for gearing). Where the 
dimensions preclude the preparation of tests from this position, tests in a tangential direction are to be taken from the end of 
the journal (test position C in Figure 5.5.1 Test positions for forgings for gearing). |f, however, the journal diameter is 200 mm 
or less, tests are to be taken in a longitudinal direction (test position A in Figure 5.5.7 Test positions for forgings for gearing). 
Where the finished length of the toothed portion exceeds 1250 mm, tests are to be taken from each end. 

(b) For small pinion forgings where the finished diameter of the toothed portion is 200 mm or less, tests are to be taken in a 
longitudinal direction (test position A in Figure 5.5.7 Test positions for forgings for gearing). 

(c) For gear wheel forgings, tests are to be taken in a tangential direction (from one of the test positions B in Figure 5.5.2 Test 
position B). 

(d) For gear wheel rim forgings, tests are to be taken in a tangential direction (from one of the test positions A in Figure 5.5.3 Test 
position A). Where the finished diameter exceeds 2500 mm or the mass (as heat treated but excluding test material) exceeds 
3 tonnes, tests are to be taken from two diametrically opposite positions (test positions A in Figure 5.5.3 Test position A). 

(e) For pinion sleeve forgings, tests are to be taken in a tangential direction (from one of the test positions C in Figure 5.5.4 Test 
position C). Where the finished length exceeds 1250 mm, tests are to be taken from each end. 
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Test position B Test position B 
(tangential) (tangential) 


Test position C Test position 
(tangential) (longitudinal) 


L = length of toothed portion, in metres 
D diameter of toothed portion, in metres 
d = journal diameter, in metres 


Figure 5.5.1 Test positions for forgings for gearing 


Test position B (tangential) 


Figure 5.5.2 Test position B 
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Test position A (tangential) 


Test position A (tangential) 


Figure 5.5.3 Test position A 


Test position C Test position C 
(tangential) (tangential) 


Figure 5.5.4 Test position C 


5.5.2 As an alternative to Ch 5, 5.5 Mechanical tests for through hardened, induction hardened or nitrided forgings 5.5.1, 
small forgings may be batch tested in accordance with Ch 5, 1.6 Test material 1.6.4 provided that, in addition, hardness tests are 
carried out on each forging. 


5.5.3 Table 5.5.1 Mechanical properties for acceptance purposes: carbon-manganese steels for gear wheel and rim forgings 
to Table 5.5.3 Mechanical properties for acceptance purposes: alloy steel gear forgings - Quenched and temperedgive the 
minimum requirements for yield stress and elongation corresponding to different strength levels, but it is not intended that these 
should necessarily be regarded as specific grades. The strength levels have been given in multiples of 40 N/mm2, or 50 N/mmé@ in 
the case of alloy steels, to facilitate interpolation for intermediate values of specified minimum tensile strength. 
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Table 5.5.1 Mechanical properties for acceptance purposes: carbon-manganese steels for gear wheel and rim forgings 


Tensile strength Elongation on 5,65 So 


; Yield stress N/mm? 
N/mm Haase % minimum Hardness Brinell 
inimu 


(see Note) Wheels 


400 - 520 200 22 110 - 150 


440 - 560 220 125 - 160 


480 - 600 240 135-175 
520 - 640 260 150 - 185 
560 - 680 280 160 - 200 


600 - 750 300 175 - 215 


640 - 790 320 185 - 230 
680 - 830 340 200 - 240 


720 - 870 360 210 - 250 


760 - 910 380 225 - 265 


Intermediate values may be obtained by interpolation. 


Note When the specified minimum tensile strength exceeds 700 N/mm? forgings are to be supplied only in 
the quenched and tempered condition. 


5.5.4 Forgings may be supplied to any specified minimum tensile strength selected within the general limits detailed in Table 
5.5.1 Mechanical properties for acceptance purposes: carbon-manganese steels for gear wheel and rim forgings to Table 5.5.3 
Mechanical properties for acceptance purposes: alloy steel gear forgings - Quenched and tempered. 


5.515 The results of all tensile tests are to comply with the requirements of Table 5.5.1 Mechanical properties for acceptance 
purposes: carbon-manganese steels for gear wheel and rim forgings, Table 5.5.2 Mechanical properties for acceptance purposes: 
alloy steel gear wheel and rim forgings - Normalised and tempered or Table 5.5.3 Mechanical properties for acceptance purposes: 
alloy steel gear forgings - Quenched and tempered, appropriate to the specified minimum tensile strength. Unless otherwise 
agreed, the specified minimum tensile strength is to be not less than 800 N/mm®? (800-950 N/mm? acceptance range) for 
induction hardened or nitrided gear forgings. 


5.5.6 Where more than one tensile test is taken from a forging, the variation in tensile strength is not to exceed the following: 


Specified minimum tensile Difference in tensile strength 
strength N/mm? N/mm? 

<600 70 

>600 <900 100 

2900 120 


eros Hardness tests are to be carried out on all forgings after completion of heat treatment and prior to machining the gear 
teeth. The hardness is to be determined at four positions equally spaced around the circumference of the surface where teeth will 
subsequently be cut. Where the finished diameter of the toothed portion exceeds 2500 mm, the number of test positions is to be 
increased to eight. Where the width of a gear wheel rim forging exceeds 1250 mm, the hardness is to be determined at eight 
positions at each end of the forging. 
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Table 5.5.2 Mechanical properties for acceptance purposes: alloy steel gear wheel and rim forgings - Normalised and 
tempered 


Tensile strength N/mm? Yield stress N/mm? | Elongation on 5,65 So % minimum | Hardness Brinell 
minimum 


Ri Wheels 


600 — 750 330 175-215 
650 — 800 355 190 - 235 
700 — 850 380 205 — 245 
750 — 900 405 215 — 260 


800 — 950 430 235 — 275 


850 — 1000 455 245 — 290 


Intermediate values may be obtained by interpolation. 


Tensile strength N/mm? Yield stress N/mm? Hardness Brinell 
(see Notes 1 and 2) minimum 
(see Note 2 


600 — 750 | 175-215 


650 — 800 , 190 - 235 


700 — 850 F 205 — 245 
750 — 900 215 — 260 
800 — 950 235 — 275 
850 — 1000 245 — 290 
900 — 1050 260 — 310 
950 — 1100 275 — 330 


1000 — 1150 290 — 340 


1050 — 1200 310-365 


= Column A is applicable to tests from gear rims and to longitudinal tests from pinions. 
= Column B is applicable to tests from gear wheels and to tangential tests from pinions. 


= Column C is applicable to tests from pinion sleeves. 


Intermediate values may be obtained by interpolation 


Note 1. For gear wheel and rim forgings the specified minimum tensile strength is not to exceed 850 N/mm?. 


Note 2. For carburised gear forgings the requirements for minimum yield stress and maximum tensile strength are not 
applicable. 


5.5.8 For small gear forgings which are batch tested, at least one hardness test is to be carried out on each forging. 


5.5.9 The results of all hardness tests are to comply with the appropriate requirements of7able 5.5.7 Mechanical properties for 
acceptance purposes: carbon-manganese steels for gear wheel and rim forgings to Table 5.5.3 Mechanical properties for 
acceptance purposes: alloy steel gear forgings - Quenched and tempered. The difference between the highest and lowest values 
on any one forging is not to exceed the following: 
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Specified minimum tensile Difference in hardness (Brinell 
strength (N/mm?) number) 

<600 25 

>600 <900 35 

>900 42 


5.5.10 On nitrided or induction hardened components, hardness tests are also to be made on the teeth when surface 
hardening and grinding have been completed. The results are to comply with the approved specification. 


5.6 Mechanical tests for carburised forgings 


5.6.1 Sufficient test material is to be provided for preliminary tests at the forge and for final tests after completion of 
carburising. For this purpose, duplicate sets of test material are to be taken from positions as detailed in Ch 5, 5.5 Mechanical 
tests for through hardened, induction hardened or nitrided forgings 5.5.1, except that, irrespective of the dimensions or mass of 
the forging, tests are required from one position only, and in the case of forgings with integral journals are to be cut in a longitudinal 
direction. The test material which is to be used for measurements of case depth, hardness, grain size and residual austenite as 


well as mechanical properties is to be machined to a coupon of diameter of a or 30 mm, whichever is less, where D is the 


finished diameter of the toothed portion. 


5.6.2 For small forgings, where a system of batch testing is adopted, the test material may be prepared from surplus steel 
from the same cast provided that the forging reduction approximates to that of the actual gear forgings. The test samples are to 
be correctly identified and heat treated with the forgings they represent. 


5.6.3 For preliminary tests at the forge, one set of test material is to be given a blank carburising and heat treatment cycle 
simulating that which will be subsequently applied to the forgings. 


5.6.4 For final acceptance tests, the second set of test material is to be blank carburised and heat treated together with the 
forgings which it represents. 


5.6.5 At the discretion of the forgemaster or gear manufacturer, test samples of larger cross-section than in Ch 5, 5.6 
Mechanical tests for carburised forgings 5.6.1 may be either carburised or blank carburised, but these are to be machined to the 
required diameter prior to the final quenching and stress relieving heat treatment. 


5.6.6 At least one tensile specimen is to be prepared from each sample of test material. 


5.6.7 Unless otherwise agreed, the specified minimum tensile strength is to be not less than 750 N/mmé2, and the results of all 
tensile tests are to comply with the requirements given in Table 5.5.3 Mechanical properties for acceptance purposes: alloy steel 
gear forgings - Quenched and tempered. 


5.6.8 Where it is proposed to adopt alternatives to the requirements of Ch 5, 5.6 Mechanical tests for carburised forgings 
5.6.1 to Ch 5, 5.6 Mechanical tests for carburised forgings 5.6.7, full details are to be submitted to the Surveyor for consideration. 


5.7 Non-Destructive Examination 


Sahel Magnetic particle or liquid penetrant testing is to be carried out on the teeth of all surface hardened forgings. This 
examination may also be requested on the finished machined teeth of through hardened gear forgings. 


5: f2 The manufacturer is to carry out an ultrasonic examination of all forgings where the finished diameter of the surfaces, 
where teeth will be cut, is in excess of 200 mm, and is to provide the Surveyor with a signed statement that such inspection has 
not revealed any significant internal defects. 


5.7.3 On gear forgings where the teeth have been surface hardened, additional test pieces may be required to be processed 
with the forgings and subsequently sectioned to determine the depth of the hardened zone. These tests are to be carried out at 
the discretion of the Surveyor, and for induction or carburised gearing the depth of the hardened zone is to be in accordance with 
the approved specification. For nitrided gearing, the full depth of the hardened zone, (i.e. depth to core hardness), is to be not less 
than 0,5 mm and the hardness at a depth of 0,25 mm is to be not less than 500 HV. 
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Forgings for turbines 
6.1 Scope 
6.1.1 Provision is made in this Section for ferritic steel forgings for turbine rotors, discs and spindles, turbine-driven generator 


rotors and compressor rotors. 


6.1.2 Plans for rotor forgings are to state whether the rotor is intended for propulsion or auxiliary machinery and the shaft 
power of auxiliary turbines. In the case of a rotor which is to be tested for thermal stability, the maximum operating temperature 
and the proposed test temperature are also to be stated. 


6.1.3 Specifications of alloy steel forgings giving the proposed chemical composition, heat treatment and mechanical 
properties are to be submitted for approval with the plans of the components. 


6.1.4 Where it is proposed to use rotors of welded construction, the compositions of the steels for the forgings are to be 
submitted for special consideration, together with details of the proposed welding procedure. Welding procedure tests may be 
required. 


6.2 Manufacture 


6.2.1 Forgings are to be manufactured in accordance with the requirements of Ch 5, 1 General requirements, except that for 
rotors the forging reduction is to be not less than 2,5 to 1. Where an upsetting operation is included in the manufacturing 
procedure, the above requirement applies to the cross-sectional area of the upset bloom and not to that of the ingot. 


6.3 Chemical composition 

6.3.1 The chemical composition of ladle samples is to comply with Ch 5, 3.2 Chemical composition 3.2.1 for carbon and 
carbon-manganese steels and Ch 5, 1.4 Chemical composition 1.4.3 for alloy steels. 

6.4 Heat treatment 


6.4.1 Forgings are to be supplied in the heat treated condition, and the thermal treatment at all stages is to be such as to 
avoid the formation of hair-line cracks. At a suitable stage of manufacture, the forgings are to be reheated above the upper critical 
point to refine the grain, cooled in an approved manner and then tempered to produce the desired mechanical properties. 


6.4.2 Where forgings receive their main heat treatment before machining, they are to be stress relieved after rough machining. 
Forgings which are heat treated in the rough machined condition need not be stress relieved provided that they have been slowly 
cooled from the tempering temperature. 


6.4.3 The tempering and stress relieving temperatures are to be not less than 550°C for carbon and carbon-manganese 
steels, and not less than 600°C for alloy steels. The holding times and subsequent cooling rates are to be such that the forging in 
its final condition is free from harmful residual stresses. 


6.4.4 Details of the proposed heat treatment for rotors of welded construction are to be submitted for approval. 


6.5 Mechanical tests 


6.5.1 At least one tensile test specimen, cut in a longitudinal direction, is to be taken from each rotor forging. For forgings 
exceeding both 3 tonnes in mass and 2000 mm in length, tests are to be taken from each end. 


6.5.2 For rotor forgings of all main propulsion machinery and of auxiliary turbines exceeding 1100 kW, tangential and, where 
the dimensions permit, radial tensile tests are to be taken from the end of the body corresponding to the top end of the ingot, see 
Figure 5.6.1 Test positions for turbine rotor forgings. 
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Top end of ingot Test position A 
(longitudinal) 


Test position B 
(tangential) 


Test position C (radial) 


L 


Figure 5.6.1 Test positions for turbine rotor forgings 


6.5.3 For each turbine disc, at least one tensile test specimen is to be cut in a tangential direction from material at the hub, 
see Figure 5.6.2 Test positions for turbine disc forgings. 


6.5.4 For the tests required by Ch 5, 6.5 Mechanical tests 6.5.1 to Ch 5, 6.5 Mechanical tests 6.5.3, sufficient test material is 
to be left on each forging and is not to be removed until all heat treatment, including stress relieving, has been completed. In this 
connection, a thermal stability test does not form part of the heat treatment of a turbine forging. Any excess test material is not to 
be completely severed from a forging until all the mechanical tests have been completed with satisfactory results. 


Test position B 


ae Test position C 


(tangential at bore) 


Test position B 
ia 


eal at bore) 


a 


Figure 5.6.2 Test positions for turbine disc forgings 


6.5.5 Table 5.6.1 Mechanical properties for acceptance purposes: carbon-manganese steel forgings for turbines - 
Normalised and tempered and Table 5.6.2 Mechanical properties for acceptance purposes: alloy steel forgings for turbines - 
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Quenched and tempered or normalised and tempered give the minimum requirements for yield stress, elongation and reduction of 
area corresponding to different strength levels, but it is not intended that these should necessarily be regarded as specific grades. 
The strength levels have been given in multiples of 40 N/mm?, or 50 N/mm? for alloy steels, to facilitate interpolation for 
intermediate values of specified minimum tensile strength. 


6.5.6 Forgings may be supplied to any specified minimum tensile strength selected within the general limits detailed in Table 
5.6.1 Mechanical properties for acceptance purposes: carbon-manganese steel forgings for turbines - Normalised and tempered 
or Table 5.6.2 Mechanical properties for acceptance purposes: alloy steel forgings for turbines - Quenched and tempered or 
normalised and tempered. 


6.5.7 The results of all tensile tests are to comply with the requirements of Table 5.6.1 Mechanical properties for acceptance 
purposes: carbon-manganese steel forgings for turbines - Normalised and tempered or Table 5.6.2 Mechanical properties for 
acceptance purposes: alloy steel forgings for turbines - Quenched and tempered or normalised and tempered appropriate to the 
specified minimum tensile strength. For monobloc rotor forgings, the specified minimum tensile strength is not to exceed 
800 N/mm?. 


6.6 Non-destructive examination 


6.6.1 The end faces of the body of rotor forgings and the end faces of the boss and the bore surface of each turbine disc are 
to be machined to a fine smooth finish for visual and magnetic particle examination. 


6.6.2 The manufacturer is to carry out an ultrasonic examination of each forging and is to provide the Surveyor with a signed 
statement that such inspection has not revealed any significant internal defects. 


6.6.3 Rotor forgings for propulsion machinery and for auxiliary turbines exceeding 1100 kW are to be hollow bored for internal 
examination. The surface of the bore is to have a fine smooth finish and is to be examined by means of an optical instrument of 
suitable magnification. Where the bore size permits, magnetic particle examination is also to be carried out. These examinations 
are to be confirmed by the Surveyor. Alternatively, an approved method of ultrasonic examination may be accepted instead of 
hollow boring. Details of the proposed method of ultrasonic examination are to be submitted for special consideration. 


Table 5.6.1 Mechanical properties for acceptance purposes: carbon-manganese steel forgings for turbines - Normalised and 
tempered 


Tensile strength | Yield stress Elongation 5,65 So % minimum Reduction of area % minimum 
N/mm? N/mm? 
minimum A B B 


400 — 520 200 26 22 40 
440 — 560 220 24 21 40 
480 — 600 240 22 19 35 
520 — 640 260 21 18 , 35 


560 — 680 280 20 17 J 30 


600 — 720 300 18 15 . 30 


Columns A are applicable to longitudinal tests from rotor and spindle forgings. 
Columns B are applicable to tangential tests from rotor forgings. 

Columns © are applicable to radial tests from rotor forgings. 

Intermediate values may be obtained by interpolation. 


6.7 Thermal stability tests 


6.7.1 Thermal stability tests after heat treatment and rough machining of the turbine rotors, referred to in the relevant Rules 
dealing with design and construction, are to be undertaken in properly constructed furnaces, using accurate and reliable 
measuring equipment. Each test is to be carried out in accordance with the following recommended procedure: 


(a) Five bands are to be machined concentric with the axis of rotation. Two of these are to be reference bands and are to be 
positioned at or near the locations of the bearings. The remaining three bands are to be test bands located one as near as 
possible to the mid-length, and the other two near each end of the body. Where the length of a rotor is such that five bands 
cannot be provided, alternative proposals are to be submitted to the Surveyor for his approval. 


(b) Four positions, 90° apart, are to be stamped A, B, C and D on the coupling end of the rotor. 
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(c) The whole of the body, and as much of the shaft at either end as will include the positions of the glands, is to be enclosed in 
the furnace. In the case of a rotor having an overhung astern wheel, the astern wheel is also to be enclosed in the furnace 
during the first test. 

(d) The rotor is to be rotated at a uniform and very low speed. 

(e) The deflections at all bands are to be recorded at the A, B, C and D positions. Initial cold readings are to be taken prior to 
heating. 


(f) |The rotor is to be heated uniformly and slowly. Temperatures are to be recorded continuously at the surface of the rotor and, 
if practicable, in the bore at the mid-length of the body. In no circumstances is the surface temperature to exceed the 
temperature at which the rotor was tempered. During heating, the rate of rise of temperature is to be such as to avoid 
excessive temperature gradients in the rotor. 

(g) The maximum or holding temperature is to be not less than 28°C above the maximum operating temperature of the rotor. For 
the purposes of the test, the holding period is to start when the rotor has attained a uniform and specified temperature. The 
rotor is to be held under the specified temperature conditions until not less than three consecutive hourly readings of 
deflections show the radial eccentricity to be constant within 0,006 mm on all test bands. 

(h) The turbine rotor is to be rotated during cooling until the temperature is not more than 100°C. The rate of cooling is to be 
such as to avoid excessive temperature gradients in the rotor. 

(i) | Final cold readings are to be taken. 


Table 5.6.2 Mechanical properties for acceptance purposes: alloy steel forgings for turbines - Quenched and tempered or 
normalised and tempered 


Tensile strength Yield stress N/mm? Yield stress N/mm? Elongation on 5,65 So % 
N/mmé (see Note) minimum Normalised minimum Quenched 
and tempered and tempered 


Reduction of area % minimum 
mini 


500 — 650 
550 — 700 
600 — 750 


650 — 800 


700 — 850 


750 — 900 


800 — 950 


850 — 1000 


900 — 1050 


950 — 1100 


1000 — 1150 - 810 


Columns A are applicable to longitudinal tests from rotor and spindle forgings. 

Columns B are applicable to tangential tests from rotor and spindle forgings, and to tangential tests from discs — test position B in Figure 5.6.2 
Test positions for turbine disc forgings. 

Columns C are applicable to radial test from rotor forgings and to tangential tests from discs — test position C in Figure 5.6.2 Test positions for 
turbine disc forgings. 

Intermediate values may be obtained by interpolation. 


6.7.2 The movements of the axis of the rotor in relation to the reference bands are to be determined from polar plots of the 
deflection readings. The radial movement of the shaft axis, as determined by the difference between the final hot and the final cold 
movements, is not to exceed 0,025 mm on any one band. As verification that test equipment and conditions are satisfactory, it is 
required that similar determinations of differences between initial cold and final cold movements do not exceed 0,025 mm on any 
one band. 
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6.7.3 If the results of the test on a rotor fail to meet either or both of the requirements in Ch 5, 6.7 Thermal stability tests 6.7.2, 
the test may be repeated if requested by the maker and agreed by the Surveyor. In the case of a rotor failing to meet the 
requirements of a thermal stability test, the rotor is deemed unacceptable. Proposals for the rectification of thermal instability of a 
rough machined rotor are to be submitted for special consideration. 


| Section 7 
Forgings for boilers, pressure vessels and piping systems 


7.1 Scope 


7A Provision is made in this Section for carbon-manganese and low alloy steel forgings intended for use in the construction 
of boilers, pressure vessels and piping systems where the design temperature is not lower than 0°C. 


LAD In addition to specifying mechanical properties at ambient temperature for the purposes of acceptance testing, these 
requirements give details of appropriate mechanical properties at elevated temperatures to be used for design purposes. 


7.1.3 Forgings used in the construction of equipment for the containment of liquefied gases are to comply with the 
requirements of Ch 5, 8 Ferritic steel forgings for low temperature service, except for those used in piping systems, where the 
design temperature is not lower than 0°C. Forgings for other pressure vessels and piping systems, where the use of steels with 
guaranteed impact properties at low temperatures is required, are also to comply with Ch 5, 8 Ferritic steel forgings for low 
temperature service. 


7.2 Chemical composition 

7.2.1 The chemical composition of ladle samples is to comply with the appropriate requirements of Table 5.7.1 Chemical 
composition. 

7.3 Heat treatment 

7.3.1 Carbon-manganese steel forgings are to be normalised, normalised and tempered or quenched and tempered. 


7.3.2 Alloy steel forgings are to be normalised and tempered or quenched and tempered. 
7.3.3 No forging is to be fully heat treated more than twice. 


7.4 Mechanical tests 


7.44 Except as provided in Ch 5, 7.4 Mechanical tests 7.4.2 and Ch 5, 7.4 Mechanical tests 7.4.4, at least one tensile test is 
to be taken from each forging and, where the dimensions and shape allow, the test specimen is to be cut in the longitudinal 
direction. 


Table 5.7.1 Chemical composition 


Tensile Chemical composition of ladle samples % 
Type of steel strength 
N/mm2 C max. Si Mn P max. | S max. Al Residual elements 
410-53 F 
0 0,20 0,50-1,20 Ni 0,40 max. 
Cr 0,25 max. 
450-58 See Notes 1 
Carbon- 0 0,23 0,10-0,40 0,80-1,40 0,030 0,025 ( and 3) Mo 0,10 max. 
manganese 
Cu 0,30 max. 
490-61 
0 0,25 0,90-1,70 
Total 0,80 max. 
Cr Mo 
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Alloy steel 


440- 
1Cr1/2Mo : 0,18 0,85-1,15 | 0,45-0,65 
590 0,020 max. 

0,15-+0,40 0,40-0,70 
440- (See Note 2) 
21/4 Cr1Mo ae 0,15 2,0-2,5 | 0,90-1,20 


Note 1. Fine grained steels are to contain: 
aluminium (acid soluble) 0,015% min. or 
aluminium (total) 0,018% min. 


Note 2. For alloy steels, aluminium (acid soluble) 0,020% max. 
The determination of the aluminium (total) content is acceptable provided the above value is not exceeded. 


Note 3. Niobium may be used as a grain refiner in place of aluminium, in which case the content is to be in the range 0,01% to 0,06%. 


7.4.2 On seamless drums and headers which are initially forged with open ends, test material is to be provided at each end of 
each forging. Where forged with one solid end, test material is to be provided at the open end only. Except where the ends are to 
be subsequently closed by forging, the test material is not to be removed until heat treatment has been completed. Where the 
ends are to be closed, rings of test material are to be cut off prior to the closing operation and are to be heat treated with the 
finished forging. In all cases, the test specimens are to be cut in the circumferential direction. 


7.4.3 Unless otherwise agreed, tensile test specimens are to be taken with their axis at approximately 12,5 mm below the 
surface of the forging. 


7.4.4 Small forgings may be batch tested in accordance with Ch 5, 7.6 Test material 1.6.4 provided that hardness tests are 
carried out on each forging. In such cases, the mass of each forging is not to exceed 1 tonne and that of the batch is not to 
exceed 10 tonnes and the hardness values are to accord with Table 5.7.2 Mechanical properties for acceptance purposes. 


7.4.5 If required by the Surveyors or by the Fabricators, test material may be given a simulated stress relieving heat treatment 
prior to the preparation of the test specimens. This has to be stated on the order, together with agreed details of the simulated 
heat treatment and the mechanical properties which can be expected. 


7.4.6 Except as provided in Ch 5, 7.4 Mechanical tests 7.4.7, the results of all tensile tests are to comply with the 
requirements given in Table 5.7.2 Mechanical properties for acceptance purposes appropriate to the specified minimum tensile 
strength. 


TAT Where tests are taken at a depth greater than 12,5 mm from the surface or where they are taken in a transverse 
direction, the mechanical properties which can be expected are to be agreed. 


7.4.8 On seamless drums and headers where tests are taken from each end, the variation in tensile strength is not to exceed 
70 N/mm2. 


7.49 For small batch-tested forgings, the hardness values are to comply with the requirements of Table 5.7.2 Mechanical 
properties for acceptance purposes appropriate to the specified minimum tensile strength. If forgings of more than one thickness 
are to be supplied from one cast, then the test is to be made on the thickest forging. 


7.5 Non-destructive examination 


7.5.1 Non-destructive testing is to be carried out in accordance with the requirements of the approved forging drawing and 
specification, or as otherwise agreed between the manufacturer, purchaser and Surveyor. 


7.6 Pressure tests 

7.6.1 Where applicable, pressure tests are to be carried out in accordance with the requirements of the relevant Rules. 

7.7 Mechanical properties for design purposes 

CLA Nominal values for the minimum lower yield or 0,2 per cent proof stress at temperatures of 50°C and higher are given in 


Table 5.7.3 Mechanical properties for design purposes. These values are intended for design purposes only, and verification is not 
required except for materials complying with National or proprietary specifications where the elevated temperature properties used 
for design purposes are higher than those given in Table 5.7.3 Mechanical properties for design purposes. 
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Table 5.7.2 Mechanical properties for acceptance purposes 


Type of steel 


Diameter or 
equivalent thickness 


Yield stress 
N/mm? 


Tensile strength 
N/mm? 


Elongation on 565,/S, 


% minimum 


Hardness Brinell 


Carbon-manganese 
not specifically fine 
grained 


215 
205 
245 
235 
265 


255 


410 - 530 


20 


110-155 


130-170 


140 - 180 


Carbon-manganese, 
fine grained 


>100 <250 


235 
220 
275 
255 
305 
280 


110-155 


130-170 


140 - 180 


Alloy steel 
1Cr 1/2Mo 


2 1/4Cr1Mo 


Table 5.7.3 Mechanical properties for design purposes 


Diameter 
or 
equivalent 
thickness 


Tensile 


Nominal minimum lower yield or 0,2% proof stress N/mm? 


440 — 590 


490 — 640 


110-160 


140 - 185 


strength 
N/mm? 


Temperature °C 


250 300 


350 


Carbon- 
manganes 
e not 
specifically 
fine 
grained 


410-530 


460-580 


490-610 


168 150 
162 150 
194 176 
188 176 
210 192 


203 192 


142 


142 


Carbon- 
manganes 
é fine 
grained 


410-530 


460-580 


490-610 


171 152 


164 152 


198 177 


190 177 


213 192 


205 192 
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Alloy steel 
410-560 254 241 224 213 197 184 170 162 157 151 146 145 


4Cr 1/>Mo 


21/4 
Cr1Mo 


490-640 268 261 253 245 236 230 224 218 205 189 167 145 


CE2. Where verification is required, at least one tensile test at the proposed design or other agreed temperature is to be made 
on each forging or each batch of forgings. The test specimen is to be taken from material adjacent to that used for tests at 
ambient temperature, and the test procedure is to be in accordance with the requirements of Ch 2 Testing Procedures for Metallic 
Materials. The results of all tests are to comply with the requirements of the National or proprietary specification. 


7.7.3 Values for the estimated average stress to rupture in 100 O00 hours are given in Table 5.7.4 Mechanical properties for 
design jurposes: estimated average values for stress to rupture in 100 000 hours (units N/mm?) and may be used for design 
purposes. 


Table 5.7.4 Mechanical properties for design purposes: estimated average values for stress to rupture in 100 000 hours (units 
N/mm?) 


Grades of steel 


Temperature °C Carbon- 


1Cr 1/2Mo 2 1/4 CriMo 
manganese 


227 
203 
179 
157 
136 


117 


100 
85 
73 
63 
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a Section 8 
Ferritic steel forgings for low temperature service 
8.1 Scope 
8.1.1 The requirements for carbon-manganese and nickel steels suitable for low temperature service are detailed in this 


Section. They are applicable to all forgings used for the construction of cargo tanks, storage tanks and process pressure vessels 
for liquefied gases and, where the design temperature is less than 0°C, to forgings for the piping systems. 


8.1.2 The requirements are also applicable to forgings for other pressure vessels and pressure piping systems where the use 
of steels with guaranteed impact properties at low temperatures is required. 


8.1.3 In all cases, details of the proposed chemical composition, heat treatment and mechanical properties are to be 
submitted for approval. 


8.1.4 In addition to the steels in this Section, the austenitic stainless steels detailed in Ch 5, 9 Stainless steel forgings may 
also be used for low temperature applications. 
8.2 Chemical composition 


8.2.1 The chemical composition of ladle samples is, in general, to comply with the requirements given in Table 5.8.1 Chemical 
composition of ferritic steel forgings. 


8.3 Heat treatment 

8.3.1 Forgings are to be normalised, normalised and tempered or quenched and tempered in accordance with the approved 
specification. 

8.4 Mechanical tests 

8.4.1 At least one tensile and three Charpy V-notch impact test specimens are to be taken from each forging or each batch of 


forgings. Where the dimensions and shape allow, the test specimens are to be cut in a longitudinal direction. 


8.4.2 The impact tests are to be carried out at a temperature appropriate to the type of steel and for the proposed 
application. Where forgings are intended for ships for liquefied gases, the test temperature is to be in accordance with the 
requirements given in Ch 3, 6.4 Mechanical tests 6.4.6 in Ch 3 Rolled Steel Plates, Strip, Sections and Bars. 


8.4.3 The results of all tensile tests are to comply with the approved specification. 


8.4.4 The average energy values for impact tests are also to comply with the approved specification and generally with the 
requirements of Ch 3, 6 Carbon-manganese and nickel alloy steels for low temperature service. One individual value may be less 
than the required average value provided that it is not less than 70 per cent of this value. See Ch 2, 1.4 Re-testing procedures for 
re-test procedures. 

8.5 Non-destructive examination 

8.5.1 Non-destructive testing is to be carried out in accordance with the requirements of the approved forging drawing and 
specification, or as otherwise agreed between the manufacturer, purchaser and Surveyor. 

8.6 Pressure tests 


8.6.1 When applicable, pressure tests are to be carried out in accordance with the requirements of the relevant Rules. 
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Table 5.8.1 Chemical composition of ferritic steel forgings 


Grade of steel Residual Grain refiners % 
elements % 


Al Other 


LT-AH (AH40) (See 


Not 
LT-DH (DH40) | 0,18 max. 0,40 max. oe 


Cu 0,35 max. Cr 
LT-EH (EH40) 0,25 max. Mo Total 
0,08 max. 0,020 


Nb 0,02 — 
0,05 V 
0,03 - 

Total 0,60 max. mn 0,10 Ti 

0,02 

max. 


LT-FH (FH40) 0,16 max. 


0,80 max. 0,025 max. 


Acid 
Cu 0,35 max. Cr | soluble 
Se ey is 3,20 - 3,80 0,25 max. Mo _|0,015 min. 


0,10-0,35 : 0,08 max. 
5Ni 0,12 max. 0,30 - 0,90 | 4,70 -5,30 ; 


1 oNi 0,18 max. 0,30-1,50 | 1,30- 1,70 


Total 0,60 max. 


9 Ni 0,10 max. 8,50 — 10,0 


Note The steel is to contain aluminium, niobium, vanadium or other suitable grain refining elements, either singly or in any combination. 
When used singly, the steel is to contain the specified minimum content of the grain refining element. When used in combination, the 
specified minimum content of each element is not applicable. 


| Section 9 
Stainless steel forgings 


9.1 General 


9.1.1 Forgings in austenitic and duplex stainless steels are acceptable for use in the construction of cargo tanks, storage 
tanks and piping systems for chemicals and liquefied gases. They may also be accepted for elevated temperature service in 
boilers. The allowable number and size of indications in the reference area are given in Table 5.2.2 Steel forgings surface 
inspection. This Table is also applicable to austenitic stainless steel and ferritic-austenitic (duplex) stainless steel forgings, for the 
purposes of assessing surface indications. 


9.1.2 Ultrasonic acceptance criteria detailed in Table 5.3.3 Acceptance criteria for ultrasonic testing of shafts and machinery 
components — DGS Method -— Normal probes, Table 5.3.4 Acceptance criteria for ultrasonic testing of shafts and machinery 
components — DAC Method — Normal probes, Table 5.4.5 Ultrasonic acceptance criteria for crankshafts: DGS Method — Normal 
probes and Table 5.4.6 Ultrasonic acceptance criteria for crankshafts: DAC Method — Normal probes are intended for C, CMn, 
and alloy steel forgings, and do not apply to austenitic stainless steel or ferritic-austenitic (duplex) stainless steel forgings. 
Examples of standards for acceptance criteria for stainless steel or duplex stainless steel forgings are detailed below, and quality 
levels are to be agreed with the surveyor. Other National or International Standards may be used, upon agreement with the 
surveyor. 


e =ASTM A745/A745M; 
e — EN 10228-4. 


9.1.3 Where it is proposed to use forgings in these types of steels, details of the chemical composition, heat treatment and 
mechanical properties are to be submitted for approval. These are to comply, in general, with the requirements of Ch 3, 7 
Austenitic and duplex stainless steels for austenitic steel plates. 

9.2 Chemical composition 


9.2.1 The chemical composition of ladle samples is to comply with the requirements given in Table 5.9.1 Chemical 
composition of stainless steel forgings. 
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9.2.2 Consideration will be given to the use of steels whose compositions are outside the scope of Table 5.9.1 Chemical 
composition of stainless steel forgings. 


9.3 Heat treatment 

9.3.1 All materials are to be supplied in the solution treated condition. 

9.4 Mechanical tests 

9.4.1 Tensile test specimens are to be taken in accordance with the appropriate requirements of Ch 5, 1.7 Mechanical tests. 


9.4.2 The results of all tensile tests and impact tests are to comply with the requirements of Table 5.9.2 Mechanical properties 
for acceptance purposes: stainless steel forgings or the approved specification. 


9.4.3 For austenitic stainless steel forgings, impact tests may be omitted subject to prior agreement with LR. 


9.5 Mechanical properties for design purposes 


9.5.4 Where austentic stainless steel forgings are intended for service at elevated temperatures, the nominal values for the 
minimum one per cent proof stress at temperatures of 100°C and higher given in Table 5.9.3 Mechanical properties for design 
purposes: austenitic stainless steels may be used for design purposes. Verification of these values is not required except for 
material complying with a National or proprietary specification in which the elevated temperature properties proposed for design 
purposes are higher than those given in Table 5.9.3 Mechanical properties for design purposes: austenitic stainless steels. 


9.6 Non-Destructive Examination 
9.6.1 Non-destructive examination is to be carried out in accordance with the requirements of the approved forging drawing 
and specification or as otherwise agreed between the manufacturer, purchaser and Surveyor. 


9.7 Corrosion tests 


9.7.1 Where corrosive conditions are anticipated in service, for grades 304, 316 and 317 intergranular corrosion tests are 
required in accordance with Ch 2, 9.7 Intergranular corrosion test. Such tests may also be required for grades 304L, 316L and 
347. 


9.7.2 Where corrosive conditions are anticipated in service, for duplex stainless grades pitting corrosion tests are required in 
accordance with Ch 2, 9.2 Pitting corrosion test . Unless otherwise specified, the test temperatures shall be 20°C for S81803 and 
30°C for S382750. 


Table 5.9.1 Chemical composition of stainless steel forgings 


Type of steel Chemical composition % (see Note) 


Ss P Cr i Others 


Austenitic 


18,0-20,0 8,0-13,0 


18,0-20,0 8,0-11,0 


16,0-18,0 10,0-15,0 


16,0-18,0 10,0-14,0 


18,0-20,0 11,0-15,0 


17,0-20,0 9,0-13,0 Nb >10xC 
<1,10 


21,0-23,0 N 0,08-0,20 
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UNS S 0,03 0,80 1,20 0,020 0,035 24,0-26,0 | 3,0-5,0 6,0-8,0 N 0,24-0,32 
32750 Cu 0,50 


Note Where a single value is shown (and not a range of values), the value is to be taken as maximum. 


Table 5.9.2 Mechanical properties for acceptance purposes: stainless steel forgings 


Type of steel Tensile strength 1,0% proof stress | Elongation on Reduction of area Charpy V-notch impact tests 
N/mm? minimum | N/mm2 minimum | 5,65 VSo % % minimum 


Test temperature | Average energy J 
°C 


minimum 


Austenitic 


304L 


304 


316L 


316 


317 


347 


Duplex 


UNS S$ 31803 


UNS S$ 32750 


Table 5.9.3 Mechanical properties for design purposes: austenitic stainless steels 


Nominal 1% proof stress (N/mm?) at a temperature of 


700°C |} 150°C 250°C | 300°C | 350°C | 400°C | 450°C | S00°C | 550°C 


168 150 128 122 116 110 108 106 102 


177 161 139 133 123 119 115 112 


238 208 180 172 161 157 152 


192 180 164 158 148 144 140 


204 192 172 166 159 157 155 
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2 Seamless pressure pipes 
3 Welded pressure pipes 
4 Ferritic steel pressure pipes for low temperature service 
) Stainless steel pressure pipes 
6 Boiler and superheater tubes 
a Section 7 
General requirements 
1.1 Scope 
x This Section gives the general requirements for boiler tubes, superheater tubes and pipes intended for use in the 
construction of boilers, pressure vessels and pressure piping systems. 
1.1.2 In addition to specifying mechanical properties for the purpose of acceptance testing, these requirements give details of 


appropriate mechanical properties at elevated temperatures to be used for design purposes. 


1.1.3 Except for pipes for Class Ill pressure systems (as defined in the relevant Rules), all pipes and tubes are to be 
manufactured and tested in accordance with the requirements of Ch 7 General Requirements and Ch 2 Testing Procedures for 
Metallic Materials, the general requirements of this Section and the appropriate specific requirements given in Ch 6, 2 Seamless 
pressure pipes, Ch 6, 3 Welded pressure pipes, Ch 6, 4 Ferritic steel pressure pipes for low temperature service, Ch 6, 5 Stainless 
steel pressure pipes and Ch 6, 6 Boiler and superheater tubes. 


1.1.4 Steels intended for the piping systems for liquefied gases where the design temperature is less than 0°C are to comply 
with the specific requirements of Ch 6, 4 Ferritic steel pressure pipes for low temperature service or Ch 6, 5 Stainless steel 
pressure pipes. 


1.1.5 As an alternative to Ch 6, 1.1 Scope 1.1.3 and Ch 6, 1.1 Scope 7.1.4, pipes or tubes which comply with National or 
proprietary specifications may be accepted provided that these specifications give reasonable equivalence to the requirements of 
this Chapter or alternatively are approved for a specific application. Generally, survey and certification are to be carried out in 
accordance with the requirements of Ch 7 General Requirements. 


1.1.6 At the discretion of the Surveyor, a modified testing procedure may be adopted for small quantities of materials. In such 
cases, these may be accepted on the manufacturer's declared chemical composition and hardness tests or other evidence of 
satisfactory properties. 


11:7 Pipes for Class Ill pressure systems are to be manufactured and tested in accordance with the requirements of an 
acceptable National specification. The manufacturer's test certificate will be acceptable and is to be provided for each 
consignment of material. Forge butt welded pipes are not acceptable for fuel oil systems, heating coils in oil tanks, primary 
refrigerant systems and other applications where the pressure exceeds 0,4 MPa. 


1.2 Manufacture 


1.2.1 Pipes for Class | and Il pressure systems, boiler and superheater tubes are to be manufactured at works approved by 
Lloyd's Register (hereinafter referred as 'LR'). The steel used is to be manufactured and cast in ingot moulds or by an approved 
continuous casting process as detailed in Ch 3, 1.4 Manufacture. 


1.2.2 Unless a particular method is requested by the purchaser, pipes and tubes may be manufactured by any of the following 
methods: 


° Hot finished seamless. 
° Cold finished seamless. 
° Electric resistance or induction welded. 
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° Cold finished electric resistance or induction welded. 
° Electric fusion welded. 


1.2.3 Care is to be taken during manufacture that the pipe or tube surfaces coming in contact with any non-ferrous metals or 
their compounds are not contaminated to such an extent as could prove harmful during subsequent fabrication and operation. 
1.3 Quality 


1.3.1 All pipes and tubes are to have a workmanlike finish and are to be clean and free from such surface and internal defects 
as can be established by the specified tests. 


1.3.2 All pipes and tubes are to be reasonably straight. The ends are to be cut nominally square with the axis of the pipe or 
tube, and are to be free from excessive burrs. 

1.4 Dimensional tolerances 

1.4.1 The tolerances on the wall thickness and diameter of pipes and tubes are to be in accordance with an acceptable 
National specification. 

1.5 Chemical composition 


1.5.1 The requirements for the chemical composition of ladle samples and acceptable methods of deoxidation are detailed in 
subsequent Sections in this Chapter. 


1.6 Heat treatment 

1.6.1 All pipes and tubes are to be supplied in the condition detailed in the relevant specific requirements. 

1.7 Test material 

1.7.1 Pipes and tubes are to be presented for test in batches. The size of a batch and the number of tests to be performed 


are dependent on the application. 


1.7.2 Where heat treatment has been carried out, a batch is to consist of pipes or tubes of the same size, manufactured from 
the same heat of steel and subjected to the same finishing treatment in a continuous furnace, or heat treated together in the same 
batch type furnace. 


1.7.3 Where no heat treatment has been carried out, a batch is to consist of pipes or tubes of the same size manufactured by 
the same method from material of the same heat of steel. 


1.7.4 For pipes for Class | pressure systems and boiler and superheater tubes, at least two per cent of the number of lengths 
in each batch is to be selected at random for the preparation of tests at ambient temperature. 


1.7.5 For pipes for Class Il pressure systems, each batch is to contain not more than the number of lengths given in Table 
6.1.1 Batch sizes for pipes for Class Il pressure systems. Tests are to be carried out on at least one pipe selected at random from 
each batch or part thereof. 


Table 6.1.1 Batch sizes for pipes for Class II pressure systems 


Outside diameter mm Number in batch 
<323,9 200 pipes as made 
>323,9 100 pipes as made 
1.8 Dimensions of test specimens and test procedures 
1.8.1 The procedures for mechanical tests and the dimensions of the test specimens are to be in accordance with Ch 2 


Testing Procedures for Metallic Materials. 


1.9 Visual and non-destructive testing 


1.9.1 All pipes for Class | and Il pressure systems, boiler and superheater tubes, are to be presented for visual examination 
and verification of dimensions. The manufacturer is to provide adequate lighting conditions to enable an internal and external 
examination of the pipes and tubes to be carried out. 


1.9.2 For welded pipes and tubes, the manufacturer is to employ suitable non-destructive methods for the quality control of 
the welds. It is preferred that this examination is carried out on a continuous basis. 
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1.10 Hydraulic test 
1.10.14 Each pipe and tube is to be subjected to a hydraulic test at the manufacturer's works. 


1.10.2 The hydraulic test pressure is to be determined from the following formula, except that the maximum test pressure need 
not exceed 14 MPa: 


P = test pressure, in MPa 
D = nominal outside diameter, in mm 
t = nominal wall thickness, in mm 


s = 80 percent of the specified minimum yield stress, in N/mm, for ferritic steels and 70 per cent of the 
specified minimum, 1,0 per cent proof stress, in N/mm, for austenitic steels. These relate to the values 
specified for acceptance testing at ambient temperature. 


1.10.3 The test pressure is to be maintained for sufficient time to permit proof and inspection. Unless otherwise agreed, the 
manufacturer's certificate of satisfactory hydraulic test will be accepted. Where it is proposed to adopt a test pressure other than 
that determined as in Ch 6, 1.10 Hydraulic test 1.10.2, the proposal will be subject to special consideration. 


1.10.4 Subject to special approval, either an ultrasonic or eddy current test can be accepted in lieu of the hydraulic test. 


1.11 Rectification of defects 
1.14.1 Surface imperfections may be removed by grinding provided that the thickness of the pipe or tube after dressing is not 
less than the required minimum thickness. The dressed area is to be blended into the contour of the tube. 


1.11.2 | By agreement with the Surveyor, the repair of minor defects by welding can be accepted, subject to welding procedure 
tests which demonstrate acceptable properties appropriate for the grade of pipe to be repaired. Weld procedure tests are to be 
subjected to the same heat treatment as will be applied to the actual pipes after weld repair. 


1.11.3. The repaired area is to be tested by magnetic particle examination, or, for austenitic steels, by liquid penetrant 
examination on completion of welding, heat treatment and surface grinding. 


1.12 Identification 


1.12.1 Pipes and tubes are to be clearly marked by the manufacturer in accordance with the requirements of Ch 7 General 
Requirements. The following details are to be shown on all materials which have been accepted: 

(a) LRor Lloyd's Register. 

(b) Manufacturer's name or trade mark. 

(c) — Identification mark for the specification or grade of steel. 

(d) Identification number and/or initials which will enable the full history of the item to be traced. 


Wl 22 It is recommended that hard stamping be restricted to the end face, but it may be accepted in other positions in 
accordance with National Standards and practices and meets the requirements of Ch 17, 4.8 Identification of materials. 


1.12.3. Where a number of light products weighting < 50 kg per meter, are securely fastened together in bundles, the 
manufacturer may brand only each bundle. A firmly fastened durable label containing the identification may be attached to each 
bundle. 

1.13 Certification of materials 


1.13.1 Unless a LR certificate is specified in other parts of the Rules, a manufacturer’s certificate validated by LR is to be 
issued, see Ch 7, 3.1 General. 


1.13.2 | The manufacturer is to provide LR with the following information: 


a) Purchaser's name and order number. 
b) If Known, the contract number for which the material is intended. 


ie) 


) Address to which material is despatched. 
d) Specification or the grade of material. 
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(e) Description and dimensions. 

(f) Identification number and/or initials. 

(g) Cast number and chemical composition of ladle samples. 

(h) Mechanical test results, and results of the intercrystalline corrosion tests where applicable. 
( 


i) | Condition of supply. 


1.13.38. Asaminimum, the chemical composition stated on the certificate is to include the content of all the elements detailed in 
the specific requirements. Where rimming steel is supplied, this is to be stated on the certificate. 


1.13.4 When steel is not produced at the pipe or tube mill, a certificate is to be supplied by the steelmaker stating the process 
of manufacture, the cast number and the ladle analysis. 


1.13.5 The steel manufacturer's works is to be approved by LR. 


5 Section 2 
Seamless pressure pipes 


2.1 Scope 
2.1.1 Provision is made in this Section for seamless pressure pipes in carbon, carbon-manganese and low alloy steels. 


2.1.2 Where pipes are used for the manufacture of pressure vessel shells and headers, the requirements for forgings in Ch 5, 
7 Forgings for boilers, pressure vessels and piping systems are applicable where the wall thickness exceeds 40 mm. 


2.2 Manufacture and chemical composition 
2.2.1 Pipes are to be manufactured by a seamless process and may be hot or cold finished. 


2.2.2 The method of deoxidation and the chemical composition of ladle samples are to comply with the appropriate 
requirements given in Table 6.2.1 Chemical composition of seamless pressure pipes. 


Table 6.2.1 Chemical composition of seamless pressure pipes 


Chemical composition of ladle samples % 


Type of steel 
Residual elements 


on 


Semi 


killed Ni 0,30 max. 
or Cr 0,25 max. 
killed 


Carbon and 
carbon- 
manganese 


Mo 0,10 max. 


Cu 0,30 max. 


Total 0,70 max. 


1Cr'/sMo 
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410 | Kille | 0,08-|0,10-| °° 0,30 | 2,0— | 0,90—] 0,25 | 0,03 
21/4Cr1Mo : ; _ 0,040 | 0,040 , ; : , , - <0,020 
490 | 4 0,15 0,50 max. 2,5 1,20 max. max. 
0,70 
Kille | 0,10 0,10 Mae 0,30 0,50 0,25 0,03 0,22 
dnna j i 10- | 0,10 - 7 ,380— | 0,50— : , 22 — 
/>Cr'/.Mo'/4V | 460 a | case ll apa 0,040 | 0,040] 0,30 Ged nee toe ad eee ee <0,020 
0,70 
2.3 Heat treatment 
2.3.1 Pipes are to be supplied in the condition given in Table 6.2.2 Heat treatment. 
2.4 Mechanical tests 
2.4.1 All pipes are to be presented in batches as defined in Ch 6, 7 General requirements. 


2.4.2 Each pressure pipe selected for test is to be subjected to tensile and flattening or bend tests. 


2.4.3 The results of all mechanical tests are to comply with the appropriate requirements given in Table 6.2.3 Mechanical 
properties for acceptance purposes: seamless pressure pipes (maximum wall thickness 40 mm), see 2.1.2 . 


2.5 Mechanical properties for design 


2.5.1 Values for nominal minimum lower yield or 0,2 per cent proof stress at temperatures of 50°C and higher are given in 
Table 6.2.4 Mechanical properties for design purposes: seamless pressure pipes and are intended for design purposes only. 
Verification of these values is not required, except for materials complying with National or proprietary specification where the 
elevated temperature properties used for design are higher than those given in Table 6.2.4 Mechanical properties for design 
purposes: seamless pressure pipes. 


2.5.2 In such cases, at least one tensile test at the proposed design or other agreed temperature is to be made on each cast. 
The test specimen is to be taken from material adjacent to that used for tests at ambient temperature and tested in accordance 
with the procedures given in Ch 2 Testing Procedures for Metallic Materials. lf tubes or pipes of more than one thickness are 
supplied from one cast, the test is to be made on the thickest tube or pipe. 


Table 6.2.2 Heat treatment 


Type of steel Condition of supply 


Carbon and carbon-manganese 
Hot finished Hot finished (see Note 1) Normalised (see Note 2) 
Cold finished Normalised (see Note 2) 

Alloy steel 
1Cr'/oMo Normalised and tempered 
2'/4Cr1Mo Grade 410 Fully annealed 


Grade 490 Normalised and tempered 
650—780°C 


Grade 490 Normalised and tempered 
650—750°C 


WoCr1/oMo'/4V Normalised and tempered 


Note 1. Provided that the finishing temperature is sufficiently high to soften the material. 


Note 2. Normalised and tempered at the option of the manufacturer. 


2.5.3 As an alternative to Ch 6, 2.5 Mechanical properties for design 2.5.2, a manufacturer may carry out an agreed 
comprehensive test program for a stated grade of steel to demonstrate that the specified minimum mechanical properties at 
elevated temperatures can be consistently obtained. This test program is to be carried out under the supervision of the Surveyors, 
and the results submitted for assessment and approval. When a manufacturer is approved on this basis, tensile tests at elevated 
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temperatures are not required for acceptance purposes, but at the discretion of the Surveyors occasional check tests of this type 
may be requested. 


2.5.4 Values for the estimated average stress to rupture in 100 O00 hours are given in Table 6.2.5 Mechanical properties for 
design purposes: seamless pressure pipes - Estimated values for stress to rupture in 100,000 hours (units N/mm?) and may be 
used for design purposes. 


Table 6.2.3 Mechanical properties for acceptance purposes: seamless pressure pipes (maximum wall thickness 40 mm), see 
2.1.2 


Yield stress Tensile strength Elongation on Flattening test Bend test 
N/mm? N/mm? 5,65 So % constant C diameter of 


Type of steel 
former 


(t = thickness) 


minimum 


320 3820—440 25 


360 360—480 24 
Carbon and carbon- 
manganese 


410 410—530 22 
460 460—580 21 


490 490—610 21 


1Cr'/sMo 440 440—590 22 


410 (see Note 1) 410—560 
21/4Cr1Mo 
490 (see Note 2) 490—640 


1/oCr1/9Mo1/,V 460 460—610 


Note 1. Annealed condition. 


Note 2. Normalised and tempered condition. 


Table 6.2.4 Mechanical properties for design purposes: seamless pressure pipes 


Nominal minimum lower yield or 0,2% proof stress N/mm? 


Type of steel Temperature °C 


300 350 


100 91 


122 144 
Carbon and carbon- 
manganese 


149 137 


177 162 


193 177 


1Cr1/Mo 183 169 


21/yCr1Mo 80 76 
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1/5Cr1/.Mo'/4V | 480 | 266 259 248 235 218 192 184 177 168 155 


Note 1. Annealed condition. 


Note 2. Normalised and tempered condition. 


Table 6.2.5 Mechanical properties for design purposes: seamless pressure pipes - Estimated values for stress to rupture in 
100,000 hours (units N/mm?) 


Carbon and carbon-manganese 1Cr1/.Mo 21/4Cr1Mo 1/5Cr1/.Mo!/4V 


Grade Grade Grade Grade Grade Grade 


320 460 440 410 490 460 


Temperature °C ; 
360 490 Annealed Normalised and 


tempered (see 
Note) 


Note When the tempering temperature exceeds 750°C, the values for Grade 410 are to be used. 


204 Lioyp's REGISTER 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, JULY 2022 


Steel Pipes and Tubes Chapter 6 


Section 3 
a Section 3 
Welded pressure pipes 
3.1 Scope 
3.1.1 Provision is made in this Section for welded pressure pipes in carbon, carbon-manganese and low alloy steels. 
3.2 Manufacture and chemical composition 
3.2.1 Pipes are to be manufactured by the electric resistance or induction welding process and, if required, may be 


subsequently hot reduced or cold finished. 


3.2.2 Where it is proposed to use other welding processes, details of the welding processes and procedures are to be 
submitted for review. 

3.2.3 In all cases, welding procedure tests are required. Test samples are to be subjected to the same heat treatment as the 
pipe. 

3.2.4 The method of deoxidation and the chemical composition of ladle samples are to comply with the appropriate 
requirements given in Table 6.3.1 Chemical composition of welded pressure pipes. 


3.3 Heat treatment 

3.3.1 Pipes are to be supplied in the heat treated condition given in Table 6.3.3 Heat treatment: welded pressure pipes. 
3.4 Mechanical tests 

3.4.1 All pipes are to be presented in batches as defined in Ch 6, 7 General requirements. 


3.4.2 Each pressure pipe selected for test is to be subjected to tensile and flattening or bend tests. 


3.4.3 The results of all mechanical tests are to comply with the appropriate requirements given in Table 6.3.2 Mechanical 
properties for acceptance purposes: welded pressure pipes. 


3.5 Mechanical properties for design 


3.5.1 The mechanical properties at elevated temperature for carbon and carbon-manganese steels in Grades 320 to 460 and 
1Cr2Mo steel can be taken from the appropriate Tables in Ch 6, 2 Seamless pressure pipes. 


Table 6.3.1 Chemical composition of welded pressure pipes 


Method Chemical composition of ladle samples % 
of 


deoxidati . : Residual elements 


on 


Carbon Any Ni 0,30 max. 
and method 
carbon- (see 
manganes Note) 

e 


Cr 0,25 max. 


Killed Mo 0,10 max. 


Cu 0,30 max. 


Total 0,70 max. 
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1Cr'/2Mo_ | 440 Killed 0,10- |0,10- |0,40- |0,040 | 0,040 
0,18 0,35 0,70 


Note For rimming steels, the carbon content may be increased to 0,19% max. 


Table 6.3.2 Mechanical properties for acceptance purposes: welded pressure pipes 


F Flattening test 
Yield stress Tensile strength Elongation on 5,65 9 


rast constant 
N/mm? N/mm2 So % minimum i 


Type of steel 


Carbon and carbon- 195 320 - 440 25 
manganese 

215 360 — 480 24 
235 410-530 22 


265 460 — 580 21 


1Cr'/sMo 275 440 — 590 22 


Table 6.3.3 Heat treatment: welded pressure pipes 


Type of steel Condition of supply 


Carbon and carbon-manganese, see Note Normalised 
(Normalised and tempered at the option of the manufacturer) 


1Cr'/.Mo Normalised and tempered 


Note Subject to special approval, electric resistance welded (ERW) pipes and tubes in grades 320 and 360 may be 
supplied without heat treatment for the following applications: 


Note (a) Class 2 piping systems, except for liquefied gases or other low temperature applications. 


Note (b) Class 3 piping systems. 


a Section 4 
Ferritic steel pressure pipes for low temperature service 


41 Scope 

4.14.1 Provision is made in this Section for carbon, carbon-manganese and nickel pipes intended for use in the piping 
arrangements for liquefied gases where the design temperature is less than O°C. These requirements are also applicable for other 
types of pressure piping systems where the use of steels with guaranteed impact properties at low temperatures is required. 

4.2 Manufacture and chemical composition 


4.2.1 Carbon and carbon-manganese steel pipes are to be manufactured by a seamless, electric resistance or induction 
welding process. 


4.2.2 Nickel steel pipes are to be manufactured by a seamless process. 


4.2.3 Seamless pipes may be hot finished or cold finished. Welded pipes may be as-welded, hot finished or cold finished. The 
terms ‘hot finished’, ‘cold finished’ and ‘as-welded' apply to the condition of the pipes before final heat treatment. 


4.2.4 The method of deoxidation and the chemical composition of ladle samples are to comply with the appropriate 
requirements given in Table 6.4.1 Chemical composition. 
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4.3 
4.3.1 


4.4 
4.4.4 


Heat treatment 


Mechanical tests 


systems, but in addition the material in each batch is to be from the same cast. 


4.4.2 
4.4.3 


Pipes are to be supplied in the condition given in Table 6.4.3 Heat treatment. 


All pipes are to be presented for test in batches as defined in Ch 6, 7 General requirements for Class 1 pressure piping 


At least two per cent of the number of lengths in each batch is to be selected at random for the preparation of tests. 


Each pressure pipe selected for test is to be subjected to tensile, flattening or bend test at room temperature and, 


where the wall thickness is 6 mm or greater, an impact test at the test temperature specified in Table 6.4.2 Mechanical properties 
for acceptance purposes. 


4.4.4 


The impact tests are to consist of a set of three Charpy V-notch test specimens cut in the longitudinal direction with the 


notch perpendicular to the original surface of the pipe. The dimensions of the test specimens are to be in accordance with the 
requirements of Ch 2 Testing Procedures for Metallic Materials. 


4.4.5 


The results of all tensile, impact (when applicable), flattening and bend tests are to comply with the appropriate values in 


Table 6.4.2 Mechanical properties for acceptance purposes. See Ch 2, 1.4 Re-testing procedures for re-testing procedures. 


Table 6.4.1 Chemical composition 


Method of 


Chemical composition of ladle sample % 


deoxidation 


Mn 


S 
P max. 


max. 


Alsol 
see Note 


Ni 


Residual elements 


Carbon 


Carbon- 
mangane 
se 


0,40—1,00 


0,030 


0,015 
min. 


Fully killed 


0,60—1,40 


0,25 


0,30 
0,10 


0,30 


0,70 


0,13 


0,15— 
0,30 


0,30—0,90 


0,30—0,90 


0,025 


0,020} — 


8,50 


9,50 


0,10 


0,60 


Note Where a minimum Al,,; of 0,015% is specified, the determination of the total aluminium is acceptable provided that the result is not 


less than 0,020%. 


Table 6.4.2 Mechanical properties for acceptance purposes 


Type of steel 


Yield 
stress 
N/mm? 


Tensile 
strength 
N/mm? 


Elongation on 


5,65 So % 


minimum 


Flattening 
test 
constant 
Cc 


Bend test diameter of 
former (t = thickness) 


Charpy V-notch impact tests 


Test 
temperature 


Average 
energy J 
minimum 
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Carbon- 410—530 


manganese 


460—580 


SYaNi 440—590 


QNi 690—840 


Note For standard subsidiary impact test specimens, the minimum energy values are to be as follows: 


Required average Subsidiary 10 mm x__| Subsidiary 10 mm x 5 
energy value for 7,omm mm 

standard 10 mm x 10 
mm 


Average Average 
energy energy 


22 J 18J 
28 J 23 J 


34 J 27 J 


Table 6.4.3 Heat treatment 


Type of steel Condition of supply 


Carbon and carbon-manganese — Hot finished 
Normalised 


Normalised and tempered 


Normalised 


Normalised and tempered 


Double normalised and tempered 


Quenched and tempered 


a Section 5 
Stainless steel pressure pipes 


5.1 Scope 


5.1.1 Provision is made in this Section for austenitic and duplex stainless steel pipes suitable for use in the construction of the 
piping systems for chemicals and for liquefied gases where the design temperature is not less than minus 165°C and for bulk 
chemical tankers. 


5.1.2 Austenitic stainless steels may be suitable for service at elevated temperatures. Where such applications are proposed, 
details of the chemical composition, heat treatment and mechanical properties are to be submitted for consideration and approval. 


5.1.3 Where it is intended to supply seamless pipes in the direct quenched condition, a programme of tests for approval is to 
be carried out under the supervision of the Surveyors, and the results are to be to the satisfaction of LR, see Ch 7, 2.2 LR 
Approval — General. 


5.2 Manufacture and chemical composition 
5.2.1 Pipes are to be manufactured by a seamless or a continuous automatic electric fusion welding process. 
5.2.2 Welding is to be in a longitudinal direction, with or without the addition of filler metal. 


5.2.3 The chemical composition of the ladle samples is to comply with the appropriate requirements of Table 6.5.1 Chemical 
composition. 
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5.3 Heat treatment 


5.3.1 Pipes are generally to be supplied by the manufacturer in the solution treated condition over their full length. 


5.3.2 Alternatively, seamless pipes may be direct quenched immediately after hot forming, while the temperature of the pipes 
is not less than the specified minimum solution treatment temperature. 


5.4 Mechanical tests 
5.4.1 All pipes are to be presented in batches as defined in Ch 6, 7 General requirements for Class | and Il piping systems. 
5.4.2 Each pipe selected for test is to be subjected to tensile and flattening or bend tests. 


5.4.3 The results of all mechanical tests are to comply with the appropriate requirements given in Table 6.5.2 Mechanical 
properties for acceptance purposes. 


Table 6.5.1 Chemical composition 


Chemical composition % 


Type of steel 


Cr i Others 


Austenitic 


304L 


18,0 - 20,0 


8,0-12,0 


316L 


16,0 - 18,5 


10,0 - 14,0 


317 


18,0-20,0 


11,0-15,0 


17,0 - 19,0 


9,0 - 12,0 


17,0- 19,0 


Duplex 


UNS S31803 


UNS S32750 


Table 6.5.2 Mechanical properties for acceptance purposes 


Type of steel 


0,2% proof 
stress 
N/mm2 

(see Note) 


1,0% proof 
stress N/mm? 


21,0-23,0 


24,0-26,0 


Tensile strength 
N/mm? 


Elongation on 


5,65 So % 


minimum 


Flattening test 
constant C 


0,08-0,22 


N 
0,24-0,32 
Cus0,50 


Bend test 
diameter of 
former 
(t = thickness) 


Austenitic 


304L 


316L 


490-690 


510-710 


510-710 
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UNS $31803 450 620 minimum 25 0,09 st 


UNS $32750 550 800 minimum 15 0,09 st 


Note Except for the duplex stainless steel grades, the 0,2% proof stress values are given for information purposes and unless otherwise agreed 
are not required to be verified by test. 


5.5 Corrosion tests 


5.5.1 For materials used for piping systems for chemicals, corrosion tests are to be carried out on one per cent of the 
number of pipes in each batch, with a minimum of one pipe. For austenitic stainless steels this should be an intercrystalline 
corrosion test (see Ch 2, 9.7 Intergranular corrosion test) and for duplex stainless steels this should be a pitting corrosion test (see 
Ch 2, 9.2 Pitting corrosion test ). For the latter, the test temperatures shall be 20°C for S31803 and 30°C for S32750. 


5:52 For pipes with an outside diameter not exceeding 40 mm, the test specimens are to consist of a full cross-section. For 
larger pipes, the test specimens are to be cut as circumferential strips of full wall thickness and having a width of not less than 
12,5 mm. In both cases, the total surface area is to be between 15 and 35 cm2. 


5.5.3 Unless otherwise agreed or required for a particular chemical cargo, the testing procedure is to be in accordance with 
Ch 2, 9 Corrosion tests for austenitic stainless steels and Ch 72, 3.3 Duplex stainless steels 3.3.3.(c) for duplex stainless steels. 


5.5.4 After immersion, the full cross-section test specimens are to be subjected to a flattening test in accordance with the 
requirements of Ch 2 Testing Procedures for Metallic Materials. The strip test specimens are to be subjected to a bend test 
through 90° over a mandrel of diameter equal to twice the thickness of the test specimen. 


5.6 Fabricated pipework 

5.6.1 Fabricated pipework is to be produced from material manufactured in accordance with Ch 6, 5.2 Manufacture and 
chemical composition, Ch 6, 5.3 Heat treatment, Ch 6, 5.4 Mechanical tests and Ch 6, 5.5 Corrosion tests. 

5.6.2 Welding is to be carried out in accordance with an approved and qualified procedure by suitably qualified welders. 


5.6.3 Fabricated pipework may be supplied in the as-welded condition without subsequent solution treatment provided that 
welding procedure tests have demonstrated satisfactory material properties including resistance to intercrystalline corrosion 
(austenitic stainless steel) or pitting corrosion (duplex stainless steel). 


5.6.4 In addition, butt welds are to be subjected to 5 per cent radiographic examination for Class |, and 2 per cent for Class I 
pipes. 

5.6.5 Fabricated pipework in the as-welded condition and intended for systems located on deck is to be protected by a 
suitable corrosion control coating. 

5.7 Certification of materials 


5.7.1 Each test certificate is to be of the type and give the information detailed in Ch 71, 3.1 General together with general 
details of heat treatment and, where applicable, the results obtained from the appropriate corrosion tests. As a minimum, the 
chemical composition is to include the content of all the elements detailed in Table 6.5.1 Chemical composition. 


a Section 6 
Boiler and superheater tubes 


6.1 Scope 
6.1.1 Provision is made in this Section for boiler and superheater tubes in carbon, carbon-manganese and low alloy steels. 


6.1.2 Austenitic stainless steels may also be used for this type of service. Where such applications are proposed, details of 
the chemical composition, heat treatment and mechanical properties are to be submitted for consideration and approval. 


6.2 Manufacture and chemical composition 


6.2.1 Tubes are to be seamless or welded and are to be manufactured in accordance with the requirements of Ch 6, 2 
Seamless pressure pipes and Ch 6, 3 Welded pressure pipes, respectively. 
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6.2.2 


The method of deoxidation and the chemical composition of ladle samples are to comply with the requirements given in 


Table 6.2.1 Chemical composition of seamless pressure pipes or Table 6.3.1 Chemical composition of welded pressure pipes, as 


appropriate. 


6.3 
6.3.1 


Heat treatment 


All tubes are to be supplied in accordance with the requirements given in Table 6.2.2 Heat treatment or Table 6.3.3 Heat 


treatment: welded pressure pipes as appropriate, except that 1Cr/2Mo steel may be supplied in the normalised only condition 
when the carbon content does not exceed 0,15 per cent. 


6.4 
6.4.1 


6.4.2 
(a) 


(c) 
6.4.3 


Tensile test. 
Flattening or bending test. 
Expanding or flanging test. 


Mechanical tests 


properties for acceptance purposes: boiler and superheater tubes. 


6.5 
6.5.1 


Mechanical properties for design 


Tubes are to be presented for test in batches as defined in Ch 6, 1 General requirements. 


Each boiler and superheater tube selected for test is to be subjected to at least the following: 


1Cr¥%2Mo and 2%CriMo steels can be taken from the appropriate Tables in Ch 6, 2 Seamless pressure pipes. 


6.5.2 


Where rimming steel is used, the design temperature is limited to 400°C. 


Table 6.6.1 Mechanical properties for acceptance purposes: boiler and superheater tubes 


Type of steel 


Yield stress 
N/mm? 


Tensile 
strength 
N/mm? 


Elongation 


on 5,65 So 


% minimum 


Flattening 
test 
constant C 


Bend test 
diameter of 
former (t = 
thickness) 


The results of all mechanical tests are to comply with the appropriate requirements given in Table 6.6.7 Mechanical 


The mechanical properties at elevated temperature for carbon and carbon-manganese steels in Grades 320 to 460, 


Drift expanding and flanging test 
minimum % increase in outside diameter 


Ratio 


<0,6 


Insidediameter 


Outsidediameter 


>0,6<0,8 


>0,8 


Carbon and 
carbon- 
manganese 


320-440 


360-480 
410-530 


460-580 


12 


12 


19 
19 
17 


15 


1Cr! />Mo 


440-590 


15 


2! />Cr1Mo 


410 


(see Note 1) 


490 


(see Note 2) 


410-560 


490-640 


Note 1. Annealed condition. 


Note 2. Normalised and tempered condition. 
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1 General requirements 
2 Grey iron castings 
3 Spheroidal or nodular graphite iron castings 
4 Compacted or vermicular graphite iron castings 
5 Iron castings for crankshafts 
a Section 17 
General requirements 
1.1 Scope 
1.4.1 This Section gives the general requirements for grey (flake), spheroidal (nodular) graphite and compacted (vermicular) 


graphite iron castings intended for use in the construction of ships, other marine structures, machinery, boilers, pressure vessels 
and piping systems. 


1.1.2 Where required by the relevant Rules dealing with design and construction, castings are to be manufactured and tested 
in accordance with Ch 1 General Requirements and Ch 2 Testing Procedures for Metallic Materials, together with the requirements 
given in this Section and either Ch 7, 2 Grey iron castings for grey iron castings, Ch 7, 3 Spheroidal or nodular graphite iron 
castings for spheroidal graphite iron castings or Ch 7, 4 Compacted or vermicular graphite iron castings for compacted graphite 
iron castings. Castings for crankshafts are additionally to comply with the requirements detailed in Ch 7, 5 Iron castings for 
crankshafts. 


1.1.3 As an alternative to Ch 7, 71.17 Scope 1.1.2, castings which comply with National or proprietary specifications may be 
accepted, provided that these specifications give reasonable equivalence to the requirements of this Chapter or alternatively are 
approved for a specific application. Generally, survey and certification are to be carried out in accordance with the requirements of 
Ch 1 General Requirements. 


1.1.4 Where small castings are produced in large quantities, or where castings of the same type are produced in regular 
quantities, alternative survey procedures, in accordance with Ch 7, 2.2 LR Approval — General, may be adopted subject to 
approval by Lloyd's Register (hereinafter referred as 'LR’). 

1.2 Manufacture 

1.2.1 Castings as designated in Ch 7, 1.1 Scope 1.1.2 are to be made at foundries approved by LR. 

1.2.2 Suitable mechanical methods are to be employed for the removal of surplus material from castings. Thermal cutting 
processes are not acceptable, except as a preliminary operation to mechanical methods. 

1.3 Quality of castings 

1.3.4 Castings are to be free from surface or internal defects which would be prejudicial to their proper application in service. 
The surface finish is to be in accordance with good practice and any specific requirements of the approved plan. 

1.4 Chemical composition 


1.4.1 The chemical composition of the iron used is left to the discretion of the manufacturer, who is to ensure that it is suitable 
to obtain the mechanical properties specified for the castings. 


1.5 Heat treatment 
1.5.1 Except as required by Ch 7, 1.5 Heat treatment 1.5.2, castings may be supplied in either the as cast or heat treated 
condition. 


1.5.2 For some applications, such as elevated temperature service, or where dimensional stability is important, castings may 
require to be given a suitable tempering or stress relieving heat treatment. This is to be carried out after any refining heat treatment 
and before machining. 
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1.5.3 Where it is proposed to carry out local hardening of the surface of a casting, full details of the proposed procedure are 
to be submitted for approval. 


1.6 Test material 


1621 At least one test sample is to be provided for each casting or batch of castings. For large castings, where more than 
one ladle of metal is used, one test sample is to be provided, from each ladle used. 


1.6.2 A batch testing procedure may be adopted for castings with a fettled mass of 1 tonne or less. All castings in a batch are 
to be of similar tyoe and dimensions, and cast from the same ladle of metal. One test sample is to be provided for each multiple of 
two tonnes of fettled castings in the batch. 


1.6.3 Where separately cast test samples are used, they are to be cast in moulds made from the same type of material as 
used for the castings and are not to be stripped from the moulds until the temperature is below 500°C. 


1.6.4 All test samples are to be suitably marked to identify them with the castings which they represent. 


1.6.5 Where castings are supplied in the heat treated condition, the test samples are to be heat treated together with the 
castings which they represent. For cast-on test samples, the sample is not to be separated from the casting until after heat 
treatment. 


1.7 Mechanical tests 


1.7.1 One tensile specimen is to be prepared from each test sample. The dimensions of the test specimens and the testing 
procedures used are to be in accordance with Ch 2 Testing Procedures for Metallic Materials. 


1.7.2 The results of all tensile tests are to comply with the requirements given in Ch 7, 2 Grey iron castings, Ch 7, 3 
Spheroidal or nodular graphite iron castings, Ch 7, 4 Compacted or vermicular graphite iron castingsor Ch 7, 5 Iron castings for 
crankshafts, as appropriate. 


1.7.3 In the case of castings supplied in the as cast condition which initially do not meet the requirements of Ch 7, 1.7 
Mechanical tests 1.7.2, the manufacturer, by agreement with the purchaser, has the right to heat treat the castings, together with 
the representative test samples, and re-submit them for acceptance. 


1.7.4 In the case of a batch of castings supplied in the heat treated condition which initially do not meet the requirements of 
Ch 7, 1.7 Mechanical tests 1.7.2, the manufacturer has the right to re-heat treat the batch together with the representative test 
samples, and re-submit the castings for acceptance. The number of reheat treatments and retestings will be restricted to two. 

1.8 Visual and non-destructive examination 


1.8.1 All castings are to be cleaned and adequately prepared for examination. The surfaces are not to be hammered, peened 
or treated in any way which may obscure defects. 


1.8.2 The accuracy and verification of dimensions are the responsibility of the manufacturer, unless otherwise agreed. 


1.8.3 All castings are to be presented to the Surveyor for visual examination and this is to include the examination of internal 
surfaces where applicable. 


1.8.4 The non-destructive examination of castings is not required unless otherwise stated in the approved plan or where there 
is reason to suspect the soundness of the casting. 


1.8.5 In the event of any casting proving defective during subsequent machining or testing it is to be rejected notwithstanding 
any previous certification. 


1.9 Rectification of defective castings 
1.9.1 At the discretion of the Surveyor, small surface blemishes may be removed by local grinding. 


1.9.2 Subject to the prior approval of the Surveyor, castings containing local porosity may be rectified by vacuum 
impregnation with a suitable plastic filler, provided that the extent of the porosity is such that it does not adversely affect the 
strength of the casting. 


1.9.3 Repairs by welding are not permitted on grey cast iron castings or compacted graphite iron castings and generally not 
permitted for spheroidal or nodular graphite iron castings, but may be considered in special circumstances for spheroidal or 
nodular graphite iron castings. In such cases, full details of the proposed repair procedure are to be submitted for approval prior to 
the commencement of the proposed rectification. 
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1.10 Pressure testing 


1.10.14 When required by the relevant Rules, castings are to be pressure tested before final acceptance. These tests are to be 
carried out in the presence and to the satisfaction of the Surveyor. 


1.11 Identification of castings 
1.11.1 The manufacturer is to adopt a system of identification, as per the requirements of Ch 7, 4.8 /dentification of materials, 


which will enable all finished castings to be traced to the original cast, and the surveyor is to be given full facilities for tracing the 
castings, when required. 


1.11.2 Before acceptance, all castings which have been tested and inspected with satisfactory results are to be clearly marked 
by the manufacturer with the following particulars: 


a) Type and grade of cast iron. 

b) Identification number, cast number or other marking which will enable the full history of the casting to be traced. 
) Manufacturer's name or trade mark. 

d) LRor Lloyd's Register and the abbreviated name of LR's local office. 

. Personal stamp of Surveyor responsible for inspection. 

f) | Test pressure, where applicable. 

(g) Date of final inspection. 


1.11.38 Where small castings are manufactured in large numbers, modified arrangements for identification may be specially 
agreed with the Surveyor. 


1.12 Certification of materials 
1.12.1 ALR certificate is to be issued, see Ch 7, 3.1 General. 


1.12.2 | The manufacturer is to provide the Surveyor with a written statement giving the following particulars for each casting or 
batch of castings which has been accepted: 


a) Purchaser's name and order number. 

b) Description of castings and quality of cast iron. 

) Identification number. 

d) General details of heat treatment, where applicable. 

. Results of mechanical tests. 

f) Test pressure, where applicable. 

g) When specially required, the chemical analysis of ladle samples. 


1.12.3. Where applicable, the manufacturer is to provide a signed statement regarding non-destructive testing as required by 
Ch 7, 1.8 Visual and non-destructive examination, together with a statement and/or a sketch detailing the extent and position of all 
weld repairs made to each casting as required by Ch 7, 7.9 Rectification of defective castings. 


a Section 2 
Grey iron castings 


2.1 Scope 

2.1.1 This Section gives the specific requirements for grey cast iron castings. 

2.2 Test material 

2.2.1 Separately cast test samples in the form of cylindrical bars, 30 mm diameter and of a suitable length, are to be used 


unless otherwise agreed by LR. Test samples of other dimensions may be specially required for some components as may cast-on 
samples. In these circumstances, the tensile strength requirements are to be agreed. 


2.2.2 When two or more test samples are cast simultaneously in a single mould, the bars are to be at least 50 mm apart. 


2.2.3 Test samples may be cast integrally when a casting is both more than 20 mm thick and its mass exceeds 200 kg, 
subject to agreement between the manufacturer and the purchaser. The type and location of the samples are to be such as to 
provide approximately the same cooling conditions as for the casting it represents and are also subject to agreement. 
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2.2.4 For continuous melting of the same grade of cast iron in large tonnages the mass of a batch may be taken as the output 
of two hours of pouring. 


2.2.5 Where Ch 7, 2.2 Test material 2.2.4 applies and production is carefully monitored by systematic checking of the melting 
process by, for example, chill testing, chemical analysis or thermal analysis, test samples may be taken at longer intervals as 
agreed by the Surveyor. 


2.3 Mechanical tests 


2.3.1 Only the tensile strength is to be determined, and the results obtained from tests are to comply with the minimum value 
specified for the castings being supplied. Except for crankshaft castings (see Ch 7, 5 Iron castings for crankshafts), the specified 
tensile strength is to be not less than 200 N/mm? subject to any additional requirements of the relevant Rules. The fractured 
surfaces of all tensile test specimens are to be granular and entirely grey in appearance. 


a Section 3 
Spheroidal or nodular graphite iron castings 


3.1 Scope 
Sell This Section gives the specific requirements for spheroidal or nodular graphite iron castings. 


3.1.2 These requirements are generally applicable to castings intended for use at ambient temperatures. Additional 
requirements will be necessary when the castings are intended for service at either low or elevated temperatures. Impact test 
requirements are given for low temperature service in Ch 7, 3.4 Mechanical tests 3.4.2. 


3.2 Heat treatment 

3.2.1 The special qualities with 8350 N/mm? and 400 N/mm? nominal tensile strength and impact test are to undergo a 
ferritising heat treatment, see Ch 7, 3.4 Mechanical tests 3.4.2. 

3.3 Test material 


3.3.1 The test samples are to be as detailed in Table 7.3.1 Type A (U-type) test samples, Table 7.3.2 Type B (Double U-type) 
test samples or Table 7.3.3 Type C (Y-type) test samples. The dimensions of the test specimens and testing procedures used are 
to be in accordance with Ch 2 Testing Procedures for Metallic Materials. Test samples of other dimensions may be specially 
required for some castings and these are to be agreed with the Surveyor. 


Table 7.3.1 Type A (U-type) test samples 


Standard sample, Alternative samples when specially required, 


Dimension 
mm mm 


25 50 
55 90 


40 60 


216 Lioyp's REGISTER 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, JULY 2022 


Iron Castings Chapter 7 


Section 3 


To suit testing machine 
Approximately 5 


| . | r 


3° per| 
y 


Table 7.3.2 Type B (Double U-type) test samples 


Dimension Standard sample, 
mm 


25 
90 
40 
100 


To suit testing machine 


Approximately 5 


Zz 


NX 


Table 7.3.3 Type C (Y-type) test samples 


Dimension Standard sample, Alternative samples when specially required, 
mm mm 


25 50 
55 100 


40 50 


150 


To suit testing machine 
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Minimum thickness 
of mould 
surrounding test 
sample 


3.3.2 The test samples may be either gated to the casting or separately cast. 


3.3.3 Where separately cast test samples are used, they are to be taken towards the end of pouring of the castings. 


3.4 Mechanical tests 


3.4.1 The tensile strength and elongation are to be determined and are to comply with the requirements of Table 7.3.4 
Mechanical properties for acceptance purposes: spheroidal or nodular graphite iron castings. Minimum values for the 0,2 per cent 
proof stress are also included in this Table but are to be determined only if included in the specification. Typical ranges of hardness 
values are also given in Table 7.3.4 Mechanical properties for acceptance purposes: spheroidal or nodular graphite iron castings 
and are intended for information purposes. 


3.4.2 Impact tests may be required for some applications in which case the selection of the grade is to be confined to those 
listed in Table 7.3.5 Mechanical properties: special qualities. These castings are to be given a ferritising heat treatment. The 
mechanical test results are to comply with Table 7.3.5 Mechanical properties: special qualities. 


3.4.3 Castings may be supplied to any specified minimum tensile strength selected within the general limits detailed in Table 
7.3.4 Mechanical properties for acceptance purposes: spheroidal or nodular graphite iron castings and Table 7.3.5 Mechanical 
properties: special qualities but subject to any additional requirements of the relevant Rules. 


Table 7.3.4 Mechanical properties for acceptance purposes: spheroidal or nodular graphite iron castings 


Typical structure of matrix 
Specified minimum tensile 0,2% proof stress Elongation on 5,65 Po y% Typical hardness value HB a (see Ch 7, 3.5 
strength (see Note) e (see Ch 7, 3.4 Mechanical Metallo : ne 
re rahi 
N/mm? N/mm? minimum mn tests 3.4.1) . lc 5.2) 
xamination 3.5. 


370 230 120 - 180 Ferrite 


400 250 140 — 200 Ferrite 


500 320 170 - 240 Ferrite/pearlite 


600 370 190 - 270 Pearlite/ferrite 
700 420 230 - 300 Pearlite 


800 480 250 — 350 Pearlite or tempered 
structure 


Note Proof stresses need only be determined if specifically requested. 
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Table 7.3.5 Mechanical properties: special qualities 


Specified minimum 0,2% proof stress Elongation on 5,65 Typical hardness Charpy V-notch impact tests 
tensile strength minimum (See Note 1) So minimum% value 


F Average energy J 
N/mm2 N/mm2 (See Note 2) Test temperature °C 


minimum 
(See Note 3) 


(See Note 4) 


110-170 20 17 (14) 


-40 12 (10) 


140 — 200 20 14 (11) 


-20 12 (10) 


Note 1. Proof stresses need only be determined if specifically requested. 
Note 2. In the case of integrally cast samples, the acceptable elongation may be taken as 2 percentage points less. 
Note 3. Tests need only be made at either of the temperatures listed, as appropriate. 


Note 4. The average value measured on three Charpy V-notch specimens. One of the three values may be below the specified minimum 
average value, but not less than the value shown in brackets. 


Note 5. Typical structure of the matrix is ferrite. 


3.5 Metallographic examination 


3.5.4 Samples for metallographic examination are to be prepared for spheroidal or nodular graphite iron castings. These 
samples are to be representative of each ladle used and may conveniently be taken from the tensile test specimens. Alternative 
arrangements for the provision of these samples may, however, be adopted subject to the concurrence of the Surveyor. They are, 
however, to be taken towards the end of the pour. 


3.5.2 Examination of the samples is to show that at least 90 per cent of the graphite is in a dispersed spheroidal or nodular 
form. Details of typical matrix structures are given in Table 7.3.4 Mechanical properties for acceptance purposes: spheroidal or 
nodular graphite iron castings and are intended for information purposes. 


a Section 4 
Compacted or vermicular graphite iron castings 


4.1 Scope 
4.4.1 This Section gives the specific requirements for compacted or vermicular graphite iron castings. 


4.1.2 These requirements are generally applicable to castings intended for use at ambient temperatures. 


4.2 Heat treatment 


4.2.1 Where castings do not meet the specified mechanical property requirements in the as-cast condition, a corrective heat 
treatment may be carried out. This is to be restricted to a single heat treatment and the test coupons must be heat treated with 
the castings. 

4.3 Test material 


4.3.1 The test samples are to be as detailed in Table 7.3.1 Type A (U-type) test samples, Table 7.3.2 Type B (Double U-type) 
test samples or Table 7.3.3 Type C (Y-type) test samples. The dimensions of the test specimens and testing procedures used are 
to be in accordance with Ch 2 Testing Procedures for Metallic Materials. Test samples of other dimensions may be specially 
agreed with the Surveyor. 


4.3.2 The test samples may be either gated to the casting or separately cast. 


4.3.3 Where separately cast test samples are used, they are to be taken towards the end of pouring of the castings. 
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4.4 Mechanical tests 


4.4.4 The tensile strength and elongation are to be determined and are to comply with the requirements of Table 7.4.1 
Mechanical properties for acceptance purposes: compacted or vermicular graphite iron castings. Minimum values for the 0,2 per 
cent proof stress are also included in this Table but are to be determined only if included in the specification. Typical ranges of 
hardness values are also given in Table 7.4.1 Mechanical properties for acceptance purposes: compacted or vermicular graphite 
iron castings and are intended for information purposes. 


4.4.2 Castings may be supplied to any specified minimum tensile strength grade. 


Table 7.4.1 Mechanical properties for acceptance purposes: compacted or vermicular graphite iron castings 


Specified minimum tensile 0,2% proof stress (see Elongation on 5,65 V So % | Typical hardness value HB | Typical structure of matrix 
strength N/mm? Note) N/mm? minimum minimum (see Ch 7, 4.4 Mechanical (see Ch 7, 4.5 

tests 4.4.1) Metallographic 

examination 4.5.2) 


140 - 210 Ferrite 


160 - 220 Ferrite/pearlite 


180 - 240 Pearlite/ferrite 


200 — 250 Pearlite 


220 — 260 Fully pearlitic 


Note Proof stresses need only be determined if specifically requested. 


4.5 Metallographic examination 


4.5.4 Samples for metallographic examination are to be prepared for compacted or vermicular graphite iron castings. These 
samples are to be representative of each ladle used and may conveniently be taken from the tensile test specimens. Alternative 
arrangements for the provision of these samples may, however, be adopted subject to the concurrence of the Surveyor. They are, 
however, to be taken towards the end of the pour. 


4.5.2 Examination of the samples is to show that at least 80 per cent of the graphite is in a dispersed, compacted or 
vermicular form. The remaining 20 per cent of the graphite may be in spheroidal forms. Details of typical matrix structures are given 
in Table 7.4.1 Mechanical properties for acceptance purposes: compacted or vermicular graphite iron castings and are intended 
for information purposes. 


a Section 5 
Iron castings for crankshafts 


5.1 Scope 


5.1.1 This Section gives additional requirements for cast iron crankshafts intended for engines and compressors. For both of 
these applications, details of the proposed specification are to be submitted for approval. 


5.1.2 Crankshaft castings in grey iron and compacted graphite iron are acceptable only for compressors, and the specified 
minimum tensile strength is to be not less than 300 N/mm2. 


5.1.3 For crankshaft castings in spheroidal or nodular graphite iron, the specified minimum tensile strength is to be not less 
than 370 N/mm?. 
5.2 Manufacture 


5.2.1 Details of the method of manufacture, including the arrangements proposed for the provision of test material, are to be 
submitted for approval. 


5.2.2 Tests to demonstrate the soundness of prototype castings and the mechanical properties at important locations will be 
required. 
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5.3 Heat treatment 


5.3.1 In general, crankshaft castings other than those which are fully annealed, normalised or oil quenched and tempered, are 
to receive a suitable stress relief heat treatment before machining. 


5.3.2 Where it is proposed to harden the surfaces of machined pins and/or journals of cast iron crankshafts, details of the 
process are to be submitted for approval. Before such a process is applied to a crankshaft it is to be demonstrated by procedure 
tests, and to the satisfaction of the Surveyor, that the process is suitably controlled and does not impair the strength or soundness 
of the material. 


5.4 Test material 


5.4.1 Unless otherwise approved, the dimensions of the test samples are to be such as to ensure that they have mechanical 
properties representative of those of the average section of the crankshaft casting. 


5.4.2 For large crankshaft castings, the test samples are to be cast integral with, or gated from, each casting. 


5.4.3 The batch testing procedure detailed in Ch 7, 1.6 Test material 1.6.2 may be adopted only where small and identical 
crankshaft castings are produced in quantity. Generally, the fettled mass of each casting in a batch is not to exceed 100 kg, and in 
addition to tensile tests, the hardness of each casting is to be determined. For this purpose, a small flat is to be ground on each 
crankshaft, and Brinell hardness tests are to be carried out. The results obtained from these tests are to comply with the approved 
specification. 


5.5 Non-destructive examination 


5.5.1 Cast crankshafts are to be subjected to a full magnetic particle or dye penetrant examination after final machining and 
completion of any surface hardening operations. 


5.5.2 Particular attention is to be given to the testing of the pins, journals and associated fillet radii. 


5.5.3 Cracks and crack-like defects are not acceptable. Fillet radii are to be free from any indications. 


5.6 Rectification of defective castings 

5.6.1 Cast iron crankshafts are not to be repaired by welding, and blemishes are not to be plugged with a filler. 

5.7 Certification of materials 

5.7.1 The chemical composition of ladle samples is to be given in addition to the other particulars detailed in Ch 7, 7.12 


Certification of materials 1.12.2. 
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a Section 17 
Plates, bars and sections 
1.1 Scope 
ae eal This Section makes provision for aluminium alloy plates, bars and sections intended for use in the construction of ships 


and other marine structures and for cryogenic applications. 


1.1.2 Except as provided in Ch 8, 7.1 Scope 7.1.4, all items are to be manufactured and tested in accordance with the 
appropriate requirements of Ch 7 General Requirements and Ch 2 Testing Procedures for Metallic Materials and those detailed in 
this Section. 


1.1.3 The thickness of plates, sections and bars described by these requirements will be in the range between 3 and 50 mm. 
Plates and sections less than 3,0 mm thick may be manufactured and tested in accordance with the requirements of an 
acceptable national specification. 


1.1.4 Plates less than 3,0 mm thick and sections less than 40 mm x 40 mm x 3,0 mm may be manufactured and tested in 
accordance with the requirements of an acceptable National specification. 


1.1.5 Where the section thickness exceeds 50 mm the requirements will be subject to special consideration. 


1.1.6 Materials intended for the construction of cargo tanks or storage for liquefied gases, and for other low temperature 
applications, are to be manufactured in the 5083 alloy in the annealed condition. 


1.1.7 As an alternative to Ch 8, 7.1 Scope 1.1.2 and Ch 8, 1.1 Scope 1.1.4, materials which comply with National or 
proprietary specifications may be accepted provided that these specifications give reasonable equivalence to the requirements of 
this Section and are approved for a specific application. Generally, survey and certification are to be carried out in accordance with 
the requirements of Ch 7 General Requirements. 


1.2 Manufacture 
1.2.1 Aluminium alloys are to be manufactured at works approved by Lloyd's Register (hereinafter referred as 'LR’). 


1.2.2 The alloys may be cast either in ingot moulds or by an approved continuous casting process. Plates are to be formed by 
rolling and may be hot or cold finished. Bars and sections may be formed by extrusion, rolling or drawing. 


1.2.3 All melts are to be suitably degassed prior to casting such that the aim hydrogen content is less than 0,2 ml per 100 g. 
1.3 Quality of materials 
1.3.1 Materials are to be free from surface or internal defects of such a nature as would be harmful in service. 


1.3.2 The manufacturer is to verify the integrity of pressure welds of closed extrusion profiles in accordance with Ch 8, 71.10 
Pressure weld tests. 


1.4 Dimensional tolerances 


1.4.1 Underthickness tolerances for rolled products for marine construction are given in Table 8.1.1 Underthickness 
tolerances for rolled products for marine construction. 
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Table 8.1.1 Underthickness tolerances for rolled products for marine construction 


Nominal thickness 
range, mm 


Underthickness tolerance for nominal width range, mm 


<1500 >1500 <2000 >2000 <3500 


23,0 <4,0 0,10 0,15 0,15 


>4,0 <8,0 0,20 0,20 0,25 


28,0 <12 0,25 0,25 0,25 


212 <20 0,35 0,40 0,50 


>20 <50 0,45 0,50 0,65 


1.4.2 
1.4.3 
1.4.4 


International Standard. 


1.4.5 


1.5 
1.5.1 


process is involved. 


1.5.2 


Chemical composition 


Table 8.1.2 Chemical composition, percentage 


Element 


5383 


5059 


5086 


5754 


The chemical composition of these samples is to comply with the requirements 
percentage. 


5456 


Underthickness tolerances for extruded products are to comply with an acceptable National or International Standard. 
There are to be no underthickness tolerances for materials for application in cryogenic process pressure vessels. 


Dimensional tolerances other than permitted underthicknesses are to comply with an acceptable National or 


Verification of dimensions is the responsibility of the manufacturer. Acceptance by Surveyors of material which is later 
found to be defective does not absolve the manufacturer from this responsibility. 


Samples for chemical analysis are to be taken representative of each cast, or the equivalent where a continuous melting 


of Table 8.1.2 Chemical composition, 


6005-A 
(see Note 1) 


6061 (see 
Note 1) 


6082 


Copper 
Magnesium 
Silicon 

Iron 


Manganese 


Zinc 


Chromium 


Titanium 


Zirconium 


Other elements: 
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0,40 max. 


0,40 max. 


0,40—1,00 


0,25 max. 


0,05—0,25 


0,15 max 


0,20 max. 


4,0—5,2 


0,25 max. 


0,25 max. 


0,7—1,0 


0,40 max. 


0,25 max. 


0,15 max. 


0,20 max. 


0,25 max. 
5,0—6,0 
0,45 max. 
0,50 max. 


0,6—1,2 


0,40—0,90 


0,25 max. 


0,20 max. 


0,05—0,25 


0,10 max. 
3,5—4,5 
0,40 max. 
0,50 max. 


0,20—0,70 


0,25 max. 


0,05—0,25 


0,15 max. 


0,10 max. 
2,6—3,6 


0,40 max. 


0,40 max. 


0,50 max. 
(see Note 2) 


0,20 max. 


0,30 max. 
(see Note 2) 


0,15 max. 


0,10 max. 
4,7-5,5 
0,25 max. 
0,40 max 


0,50—1,00 


0,25 max. 


0,05—0,20 


0,20 max. 


0,30 max. 
0,40—0,70 
0,50—0,90 
0,35 max. 


0,50 max. 
(see Note 3) 


0,20 max. 


0,30 max. 
(see Note 3) 


0,10 max. 


0,15—0,40 
0,80—1,20 
0,40—0,80 
0,70 max. 


0,15 max. 


0,25 max. 


0,04—0,35 


0,15 max. 


0,10 max. 
0,60—1,20 
0,70—1,30 
0,50 max. 


0,40—1,00 


0,20 max. 


0,25 max. 


0,10 max. 
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Note 1. These alloys are not normally acceptable for application in direct contact with sea-water. 


Note 2. Mn + Cr = 0,10 min., 0,60 max. 


Note 3. Mn + Cr = 0,12 min., 0,50 max. 


Table 8.1.3 Minimum mechanical properties for acceptance purposes of selected rolled aluminium alloy products 


Alloy and temper 
condition, see Note 3 


Thickness, t, mm 


0,2% proof stress 
Ro 
N/mm2 


Tensile strength 
Rim 
N/mm? 


Elongation 
4d, % 


Elongation 
on 5, 65,5, 5d,% 


5083-0 


5083-H1 11 
5083-H112 
5083-H116 
5083-H321 
5086-O 
5086-H1 11 


5086-H1 12 


5086-H116 
5059-O 


5059-H1 11 


5059-H116 


5059-H321 


5383-0 
5383-H1 11 
5754-H111 
5383-H116 
5383-H321 


5456-O 


5456-H116 
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3 <t<50 (see Note 


3<t<12,5 
12,5 <t<50 
3<t<50 
3<t<50 
3<t<50 
3<t<20 
20 <t<50 
3<t<20 
20 <t<50 
3<t<50 
3<t<50 


3<t<50 


3<t<30 
30 <t< 40 


40 <t<50 


38<t<12,5 


125 


125 

125 

215 
215-295 
100 
100 
125 
105 
195 


160 


160 


80 
220 
220 

130-205 
125-205 
230 
215 
200 


230-315 


275-850 


275-350 
275 
305 

305-380 

240-305 

240-305 
250 
240 
275 
330 
330 
370 
360 
370 
360 
290 
290 

190-240 
305 
305 

290-365 

285-360 
315 
305 
285 


315-405 


10 (see Note 1) 


24 
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5456-H321 12,5<t<40 215-305 305-385 
40 <t<50 200-295 285-370 


5754-O 3<t<50 80 190-240 


Note 1. 8% for thickness up to and including 6,3 mm. 


Note 2. For application to liquefied natural gas carriers or liquefied natural gas tankers where thicknesses are in excess of 50 mm, the 
mechanical properties given in this table are, in general, to be complied with. 


Note 3. The mechanical properties for the O and H111 tempers are the same for all alloys shown in this Table. However, they are separated in 
this Table as they are made using different manufacturing processes 


1.6 Heat treatment 
1.6.1 The Aluminium 5000 series alloys, capable of being strain hardened, are to be supplied in any of the following temper 
conditions: 
O annealed 
H114 annealed with slight strain hardening 
H112 strain hardened from working at _ elevated 
temperatures 
H116 strain hardened and with specified resistance to 


exfoliation corrosion for alloys where — the 
magnesium content is 4 per cent or more 


H321 strain hardened and stabilised. 


1.6.2 The H116 temper is specially developed for use in a marine environment. 


1.6.3 The Aluminium 6000 series alloys, capable of being age hardened, are to be supplied in either of the following temper 
conditions: 


TS hot worked and artificially aged. 

T6 solution treated and artificially aged. 

1.7 Test material 

1.7.1 Plate with the same thickness and from a single cast or equivalent, are to be presented for test in batches of not more 


than 2 tonnes, with the exceptions of those given in Ch 8, 1.7 Test material 1.7.2 and Ch 8, 1.7 Test material 1.7.3. 
1.7.2 For single plates or coils weighing more than 2 tonnes, only one tensile specimen per plate or coil is to be taken. 


1.7.3 A tensile test specimen is required from each plate to be used in the construction of cargo tanks, secondary barriers 
and process pressure vessels with design temperatures below -55°C. 


1.7.4 Bars and sections of less than 1 kg/m in nominal weight are to be tested in batches of 1 tonne. Bars and sections with 
a nominal weight between 1 kg/m and 5 kg/m are to be tested in batches of 2 tonnes. Where the nominal weight is greater than 5 
kg/m, one tensile test is to be carried out for every 3 tonnes produced, or fractions thereof. 


1.7.5 If the material is supplied in the heat treated condition, each batch is to be treated together in the same furnace or 
subjected to the same finishing treatment when a continuous furnace is used. 


1.7.6 For plates over 300 mm in width, tensile test specimens are to be cut with their length transverse to the principal 
direction of rolling. For narrow plates and for sections and bars, the test specimens are to be cut in the longitudinal direction. 
Longitudinal tensile test specimens are accepted for the strain hardenable 5000 series alloys. 


Lee Longitudinal tensile test specimens from a plate are to be taken at ‘ width from the longitudinal edge. Longitudinal 


tensile test specimens taken from extruded sections should be taken in the range from 5 to ; of the distance from the edge to the 


centre of the thickest region of the section. 
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1.8 Mechanical tests 


1.8.1 At least one tensile test specimen is to be prepared from each batch of material submitted for acceptance. 


1.8.2 Tensile test specimens are to be machined to the dimensions given in Figure 2.2.3 Test specimen dimensions for plates, 
strio and sections - | and aluminum alloys in Chapter 2. Alternatively, machined proportional test specimens of circular cross- 
section in accordance with Figure 2.2.2 Test specimen dimensions for forgings and castings - Il and aluminum alloys in Chapter 2 
may be used provided that the diameter is not less than 10 mm. Round bars may be tested in full section, or test specimens may 
be machined in accordance with the dimensions given in Figure 2.2.2 Test specimen dimensions for forgings and castings - Il and 
aluminum alloys in Chapter 2. 


1.8.3 The results of all tensile tests are to comply with the values given in Table 8.7.3 Minimum mechanical properties for 
acceptance purposes of selected rolled aluminium alloy products and Table 8.1.4 Minimum mechanical properties for acceptance 


purposes of selected extruded aluminium alloy products, as applicable. 


Table 8.1.4 Minimum mechanical properties for acceptance purposes of selected extruded aluminium alloy products 


Alloy and temper 
condition, See Note 2 


5083-O 
5083-H111 
5083-H112 
5086-O 
5086-H111 
5086-H112 
5059-H112 
5383-O 


5383-H111 


5383-H112 
6005A-T5 


6005A-T6 


6061-T6 
6082-T5 


6082-T6 


Thickness, t, mm 


10<t<50 
3<t<50 
3<t<50 
38<t<5 


5<t<50 


0,2% proof stress 
Rp, 
N/mm? 


230 
250 


260 


Tensile strength 
Rim 
N/mm? 


270-850 
275 
270 

240-315 
250 
240 
330 
290 
290 
310 
260 
260 
250 
260 
270 
290 


310 


Elongation on 
4d, % 


Elongation 
on 5,65,/S, 5d, % 


Note 1. The values are applicable for longitudinal and transverse tensile 


est specimens as well. 


Note 2. The mechanical properties for the O and H111 tempers are the same for all alloys shown in this Table. However, they are separated in 
this Table as they are made using different manufacturing processes. 


1.9 Corrosion tests 


1.9.1 Rolled 5000 series alloys of type 5083, 5383, 5059, 5456 and 5086 in the H116 and H321 tempers intended for use in 
marine hull construction or in marine applications with frequent direct contact with seawater are to be corrosion tested with 
respect to exfoliation and intergranular corrosion resistance. 


1.9.2 The manufacturer is to establish the relationship between microstructure and resistance to corrosion when the above 


alloys are approved. A reference photomicrograph taken at 500x, under the conditions specified in ASTM B928 Section 9.4.1, is 
to be prepared for each of the alloy-tempers and thickness ranges relevant. The reference photographs are to be taken from 
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samples which have exhibited no evidence of exfoliation corrosion and a pitting rating of PB or better, when subjected to the test 
described in ASTM G66 (ASSET).The samples are also to have exhibited resistance to intergranular corrosion at a mass loss no 
greater than 15 mg/cm?, when subjected to the test described in ASTM G67 (NAMLT). Upon satisfactory establishment of the 
relationship between microstructure and resistance to corrosion, the master photomicrographs and the results of the corrosion 
tests are to be approved by LR. Production practices are not to be changed after approval of the reference micrographs. 


1.9.3 For batch acceptance of 5000 series alloys in the H116 and H321 tempers, metallographic examination of one sample 
selected from mid width at one end of a coil or random sheet or plate is to be carried out. The microstructure of the sample is to 
be compared to the reference photomicrograph of acceptable material in the presence of the Surveyor. A longitudinal section 
perpendicular to the rolled surface is to be prepared for metallographic examination, under the conditions specified in ASTM B928 
Section 9.6.1. If the microstructure shows evidence of continuous grain boundary network of aluminium-magnesium precipitate in 
excess of the reference photomicrographs of acceptable material, the batch is either to be rejected or tested for exfoliation 
corrosion resistance and intergranular corrosion resistance subject to the agreement of the Surveyor. The corrosion tests are to be 
in accordance with ASTM G66 and G67 or equivalent standards. Acceptance criteria are that the sample shall exhibit no evidence 
of exfoliation corrosion and a pitting rating of PB or better when test subjected to ASTM G66 (ASSET) test, and the sample is to 
exhibit resistance to intergranular corrosion at a mass loss no greater than 15 mg/cm? when subjected to ASTM G67 (NAMLT) 
test. If the results from testing satisfy the acceptance criteria stated in Ch 8, 7.9 Corrosion tests 1.9.2, the batch is accepted, 
otherwise it is to be rejected. 


1.9.4 As an alternative to metallographic examination, each batch may be tested for exfoliation corrosion resistance and 
intergranular corrosion resistance, in accordance with ASTM G66 and G67 under the conditions specified in ASTM B298, or 
equivalent standards. If this alternative is used, then the results of the test must satisfy the acceptance criteria stated in Ch 8, 1.9 
Corrosion tests 1.9.2. 


1.9.5 Tempers that are corrosion tested in accordance with Ch 8, 1.9 Corrosion tests 1.9.3 are to be marked 'M' after the 
temper condition, e.g. 5083 H321 M. 
1.10 Pressure weld tests 


1.10.14 The integrity of pressure welds of closed profile extrusions is to be verified by examination of macrosections or drift 
expansion tests. 


1.10.2 Every closed profile extrusion is to be sampled, except where the closed profile extrusions are equal to or shorter than 
6,0 m long, in which case a batch is to comprise of five profiles. Every sample is to be tested at both ends after final heat 
treatment. 


1.10.3. Where verification is by examination of macrosections, no indication of lack of fusion is permitted. 


1.10.4 Where verification of fusion at pressure welds of closed profile extrusions is by drift expansion test, testing is to be 
generally in accordance with Ch 2, 4.3 Drift expanding tests. The minimum included angle of the mandrel is to be 60°, and the 
minimum specimen length, 50 mm. For acceptance, there is to be no failure by a clean split along the weld line. 


1.11 Visual and non-destructive examination 


1.11.1 Surface inspection and verification of dimensions are the responsibility of the manufacturer, and acceptance by the 
Surveyors of material later found to be defective shall not absolve the manufacturer from this responsibility. 


1.11.2 — In general, the non-destructive examination of materials is not required for acceptance purposes. Manufacturers are 
expected, however, to employ suitable methods of non-destructive examination for the general maintenance of quality standards. 


1.11.3. For applications where the non-destructive examination of materials is considered to be necessary, the extent of this 
examination, together with appropriate acceptance standards, are to be agreed between the purchaser, manufacturer and 
Surveyor. Advanced NDE methods, as described in Ch 17, 5.11 Advanced NDE methods, may be applied in lieu of or 
complementary to existing NDE methods, as appropriate to the material type, thickness, complexity and geometry. 


1.12 Rectification of defects 

1.12.1 Slight surface imperfections may be removed by mechanical means, provided that the prior agreement of the Surveyor 
is obtained, that the work is carried out to his satisfaction and that the final dimensions are acceptable. The repair of defects by 
welding is not allowed. 

1.13 Identification 


1.13.1 The manufacturer is to adopt a system of identification which will ensure that all finished material in a batch presented 
for test is of the same nominal chemical composition. 
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1.13.2 Products are to be clearly marked by the manufacturer in accordance with the requirements of Ch 7 General 
Requirements. The following details are to be shown on all materials which have been accepted: 


a) Manufacturer's name or trade mark. 

b) Alloy grade and temper condition. 

Identification mark which will enable the full history of the item to be traced. 
The stamp of the LR brand. 


R 


1.13.38. Where a number of light products weighting < 50 kg per meter, are securely fastened together in bundles, the 
manufacturer may brand only each bundle. A firmly fastened durable label containing the identification may be attached to each 
bundle. 


1.14 Certification of materials 
1.14.4 A manufacturer’s certificate validated by LR is to be issued, see Ch 7, 3.1 General. 
1.14.2 Each test certificate is to include the following particulars: 


a) Purchaser's name and order number. 
b) Contract number. 
) Address to which material is to be despatched. 
d) Description and dimensions. 
) Alloy grade and temper condition. 
f) Identification mark which will enable the full history of the item to be traced. 
g) Chemical composition. 
h) Mechanical test results (not required on shipping statement). 
i Details of temper condition and heat treatment, where applicable. 
Corrosion test results (as applicable). 


) 
() 


1.14.3. Where the alloy is not produced at the works at which it is wrought, a certificate is to be supplied by the manufacturer of 
the alloy stating the cast number and chemical composition. The works at which the alloy was produced must be approved by LR. 


a Section 2 
Aluminium alloy rivets 


2.1 Scope 
2.1.1 Provision is made in this Section for aluminium alloy rivets intended for use in the construction of marine structures. 


2.1.2 They are to be manufactured and tested in accordance with the appropriate requirements of Ch 8, 7 Plates, bars and 
sections and those detailed in this Section. 


2.2 Chemical composition 


2.2.1 The chemical composition of bars used for the manufacture of rivets is to comply with the requirements of Table 8.2.1 
Chemical composition, percentage. 


Table 8.2.1 Chemical composition, percentage 


Element 5154A 6082 


Copper 0,10 max. 0,10 max. 


Magnesium 3,1 -3,9 0,6 - 1,2 


Silicon 0,50 max. 0,7-1,3 


Iron 0,50 max. 0,50 max. 
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Manganese 0,1 -0,5 0,4-1,0 
Zinc 0,20 max. 0,20 max. 
Chromium 0,25 max. 0,25 max. 
Titanium 0,20 max. 0,10 max. 
Other elements: 0,05 max. 0,05 max. 
0,15 max. 0,15 max. 
Aluminium Remainder Remainder 
2.3 Heat treatment 
2.3.1 Rivets are to be supplied in the following condition: 
5154A - annealed 
6082 - solution treated. 
2.4 Test material 
2.4.1 Bars intended for the manufacture of rivets are to be presented for test in batches of not more than 250 kg. The material 


in each batch is to be the same diameter and nominal chemical composition. 


2.4.2 At least one test sample is to be selected from each batch and, prior to testing, is to be heat treated in full cross-section 
and in a manner simulating the heat treatment applied to the finished rivets. 


2.5 Mechanical tests 
2.5.1 At least one tensile and one dump test specimen are to be prepared from each test sample. 


2.5.2 The tensile test specimen may be either a suitable length of bar tested in full cross-section or a specimen machined to 
the dimensions given in Figure 2.2.2 Test specimen dimensions for forgings and castings - Il and aluminum alloys in Chapter 2. 


2.5.3 The dump test specimen is to consist of a section cut from the bar with the ends perpendicular to the axis. The length 
of this section is to be equal to the diameter of the bar. 


2.5.4 The results of tensile tests are to comply with the appropriate requirements of Table 8.2.2 Mechanical properties for 
acceptance purposes. 


Table 8.2.2 Mechanical properties for acceptance purposes 


Mechanical properties 


0,2% proof stress N/mm? min. 


Tensile strength N/mmé min. 


Elongation on 5,65 So % min. 


2.5.5 The dump test is to be carried out at ambient temperature and is to consist of compressing the specimen until the 
diameter is increased to 1,6 times the original diameter. After compression, the specimen is to be free from cracks. 

2.6 Tests from manufactured rivets 

2.6.1 At least three samples are to be selected from each consignment of manufactured rivets. Dump tests as detailed in Ch 
8, 2.5 Mechanical tests are to be carried out on each sample. 

2.7 Identification 

2.7.1 Each package of manufactured rivets is to be identified with attached labels giving the following details: 


(a) Manufacturer's name or trade mark. 
(b) Alloy grade. 
(c) Rivet size. 
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2.8 Certification of materials 
2.8.1 A manufacturer’s certificate is to be issued (see Ch 7, 3.1 General) and for each consignment of manufactured rivets is 
to include the following particulars: 
(a) Purchaser's name and order number. 
(o) Description and dimensions. 
(c) Specification. 
| Section 3 
Aluminium alloy castings 
3.1 Scope 
3.1.1 Provision is made in this Section for aluminium alloy castings intended for use in the construction of ships, ships for 


liquid chemicals and other marine structures and liquefied gas piping systems where the design temperature is not lower than 
minus 165°C. These materials should not be used for piping systems outside cargo tanks except for short lengths of pipes 
attached to the cargo tanks in which case fire-resisting insulation should be provided. 


3.1.2 Castings are to be manufactured and tested in accordance with Chapters Ch 7 General Requirements and Ch 2 Testing 
Procedures for Metallic Materials and also with the requirements of this Section. 


3.1.3 As an alternative to Ch 8, 3.7 Scope 3.1.2, castings which comply with National or proprietary specifications may be 
accepted provided that these specifications give reasonable equivalence to the requirements of this Section or are approved for a 
specific application. Generally, survey and certification are to be carried out in accordance with the requirements of Ch 7 General 
Requirements. 


3.2 Manufacture 

3.2.1 Castings are to be manufactured at foundries approved by LR. 

3.3 Quality of castings 

3.3.1 All castings are to be free from surface or internal defects which would be prejudicial to their proper application in 
service. 

3.4 Chemical composition 

3.4.1 The chemical composition of a sample from each cast is to comply with the requirements given in Table 8.3.1 Chemical 


composition , percentage. Suitable grain refining elements may be used at the discretion of the manufacturer. The content of such 
elements is to be reported in the ladle analysis. 


Table 8.3.1 Chemical composition , percentage 


Alloy Element AL-Mg 3 AL-Si 12 AL-Si 10 Mg AlL-Si 7 
High purity 


Copper 0,1 max 0,1 : 0,1 max. 0,1 max. 
Magnesium 2,5-4,5 0,1 : 0,15-0,4 0,25-0,45 
Silicon 0,5 max. 9,0-11,0 6,5-7,5 


Iron 0,5 max. ; 0,6 max. 0,2 max. 


Manganese 0,6 max. ; 0,6 max. 0,1 max. 


Zinc 0,2 max. : 0,1 max. 0,1 max. 


Chromium 0,1 max. 


Titanium 0,2 max. 


Others 0,05 max. 


Lioyp's REGISTER 231 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, JULY 2022 


Aluminium Alloys Chapter 8 


Section 3 


0,15 max. 0,15 max. 0,15 max. 0,15 max. 


Aluminium Remainder Remainder Remainder Remainder 


3.4.2 Where it is proposed to use alloys not specified in Table 8.3.1 Chemical composition , percentage, details of the 
chemical composition, heat treatment and mechanical properties are to be submitted for approval. 


3.4.3 When a cast is wholly prepared from ingots for which an analysis is already available, and provided that no significant 
alloy additions are made during melting, the ingot maker's certified analysis can be accepted subject to occasional checks as 
required by the Surveyor. 


3.5 Heat treatment 

3.5.1 Castings are to be supplied in the following conditions: 

Grade Al-Mg 3 - as-manufactured 

Grade Al-Si 12 - as-manufactured 

Grade Al-Si 10 Mg - as-manufactured or solution 
heat treated and precipitation 
hardened 

Grade Al-Si 7 Mg - solution heat treated and 

(high purity) - precipitation hardened. 

3.6 Mechanical tests 

3.6.1 At least one tensile specimen is to be tested from each cast and, where heat treatment is involved, for each heat 


treatment batch from each cast. Where continuous melting is employed, 500 kg of fettled castings may be regarded as a cast. 


3.6.2 The test samples are to be separately cast in moulds made from the same type of material as used for the castings. 
These moulds should conform to National Standards. 


3.6.3 The method and procedures for the identification of the test specimens, and the castings they represent, are to be 
agreed with the Surveyor. The identification marks are to be maintained during the preparation of test specimens. 


3.6.4 Where castings are supplied in the heat treated condition, the test samples are to be heat treated together with the 
castings which they represent prior to testing. 


3.6.5 The results of all tensile tests are to comply with the appropriate requirements given in Table 8.3.2 Minimum mechanical 
properties for acceptance purposes of sand-cast and investment cast reference test pieces and/or Table 8.3.3 Minimum 
mechanical properties for acceptance purposes of chill-cast reference test pieces. 


Table 8.3.2 Minimum mechanical properties for acceptance purposes of sand-cast and investment cast reference test pieces 


Temper 
(see Note) 


Tensile strength N/mm? Elongation % 


ALMg 3 150 
ALSi 12 150 
ALSi 10 Mg 150 


AI-Si 10 Mg 220 


AL-Si 7 Mg 230 


Note M refers to as cast condition. 


Note TF refers to solution heat treated and precipitation hardened condition. 


3.6.6 Where the results of a test do not comply with the requirements, the re-test procedure detailed in Ch 2, 1.4 Re-testing 
procedures is to be applied. Where castings are to be used in the heat treated condition, the re-test sample must have been heat 
treated together with the castings it represents. 
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Table 8.3.3 Minimum mechanical properties for acceptance purposes of chill-cast reference test pieces 


Temper 
(see Note) 


Tensile strength N/mm? Elongation % 


A-Mg 3 150 
ALSi 12 170 
ALSi 10 Mg 170 


AI-Si 10 Mg 240 


AL-Si 7 Mg 250 


Note M refers to as cast condition. 


Note TF refers to solution heat treated and precipitation hardened condition. 


3.7 Visual examination 
3.7.1 All castings are to be cleaned and adequately prepared for inspection. 
3.7.2 The accuracy and verification of dimensions are the responsibility of the manufacturer, unless otherwise agreed. 


3.7.3 Before acceptance, all castings are to be presented to the Surveyor for visual examination. 


3.8 Rectification of defective castings 


3.8.1 At the discretion of the Surveyor, small surface blemishes may be removed by local grinding. 


3.8.2 Where appropriate, repair by welding may be accepted at the discretion of the Surveyor. Such repair is to be made in 
accordance with an approved procedure. 


3.9 Pressure testing 


3.9.1 Where required by the relevant Rules, castings are to be pressure tested before final acceptance. Unless otherwise 
agreed, these tests are to be carried out in the presence and to the satisfaction of the Surveyor. 


3.10 Identification 


3.10.1 The manufacturer is to adopt a system of identification as per the requirements of Ch 1, 4.8 Identification of materials, 
which will enable all finished castings to be traced to the original cast and the Surveyor is to be given full facilities for tracing the 
castings when required. 


3.10.2 — All castings which have been tested and inspected with satisfactory results are to be clearly marked with the following 
details: 


a) Identification number, cast number or other markings which will enable the full history of the casting to be traced. 
b) LRor Lloyd's Register and the abbreviated name of LR's local office. 

. Personal stamp of the Surveyor responsible for the inspection. 

d) Test pressure where applicable. 

) Date of final inspection. 


3.10.3 Where small castings are manufactured in large numbers, modified arrangements for identification may be specially 
agreed with the Surveyor. 
3.11 Certification of materials 


3.11.1 ALR certificate is to be issued (see Ch 7, 3.1 General) giving the following particulars for each casting or batch of 
castings which have been accepted: 


(a) Purchaser's name and order number. 

(b) Description of castings and alloy type. 

(c) Identification number. 

(d) Ingot or cast analysis. 

(e) General details of heat treatment, where applicable. 
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(f) | Results of mechanical tests. 
(g) Test pressure, where applicable. 
a Section 4 
Aluminium/steel transition joints 
4.1 Scope 
4.14.1 Provision is made in this Section for explosion bonded composite aluminium/steel transition joints used for connecting 


aluminium structures to steel plating. 


4.1.2 Each individual application is to be separately approved as required by the relevant Rules dealing with design and 
construction. 


4.2 Manufacture 


4.2.1 Transition joints are to be manufactured by an approved producer in accordance with an approved specification which is 
to include the maximum temperature allowable at the interface during welding. 


4.2.2 The aluminium material is to comply with the requirements of Ch 8, 7 Plates, bars and sections and the steel is to be of 
an appropriate grade complying with the requirements of Ch 3, 2 Normal strength steels for ship and other structural applications. 


4.2.3 Alternative materials which comply with International, National or proprietary specifications may be accepted provided 
that they give reasonable equivalence to the requirements of Ch 8, 4.2 Manufacture 4.2.2 or are approved for a specific 
application. 


4.2.4 Intermediate layers between the aluminium and steel may be used, in which case the material of any such layer is to be 
specified by the manufacturer and is to be recorded in the approval certificate. Any such intermediate layer is then to be used in all 
production transition joints. 


4.3 Visual and non-destructive examination 


4.3.1 Each composite plate is to be subjected to 100 per cent visual and ultrasonic examination in accordance with a relevant 
National Standard to determine the extent of any unbonded areas. Unbonded areas are unacceptable and any such area plus 25 
mm of surrounding sound material is to be discarded. 


4.4 Mechanical tests 


4.4.1 Two shear test specimens and two tensile test specimens are to be taken from each end of each composite plate for 
tests to be made on the bond strength. One shear and one tensile test specimen from each end are to be tested at ambient 
temperature after heating to the maximum allowable interface temperature, see Ch 8, 4.2 Manufacture 4.2.1; the other two 
specimens are to be tested without heat treatment. 


4.4.2 Shear tests may be made on a specimen as shown in Figure 8.4.1 Specimen and procedure for shear tests or an 
appropriate equivalent. Tensile tests may be made across the interface by welding extension pieces to each surface or by the ram 
method shown in Figure 8.4.2 Ram tensile test or by an appropriate alternative method. 
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Test piece 


— 


t + (0,10 to 0,15) 


Figure 8.4.1 Specimen and procedure for shear tests 


4.4.3 The shear and tensile strengths of all the test specimens are to comply with the requirements of the manufacturing 
specification. 


4.4.4 If either the shear or tensile strength of the bond is less than the specified minimum but not less than 70 per cent of the 
specified minimum, two additional shear and two tensile test specimens from each end of the composite plate are to be tested 
and, in addition, bend tests as described in Ch 8, 4.4 Mechanical tests 4.4.6 and Table 8.4.1 Bend tests on explosion bonded 
aluminium/steel composites are to be made. 
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~—__ Test 


specimen 


Figure 8.4.2 Ram tensile test 


Table 8.4.1 Bend tests on explosion bonded aluminium/steel composites 


Minimum bend, : 
Type of test Diameter of former 
degrees 


Aluminium in tension 90 3T 
Steel in tension 90 3T 


Side bend 90 6T 


Note T is the total thickness of the composite plate. 


4.4.5 If either the shear or tensile strength of the bond is less than 70 per cent of the specified minimum the cause is to be 
investigated. After evaluation of the results of this investigation, LR will consider the extent of composite plate which is to be 
rejected. 


4.4.6 Bend tests, when required, are to be made under the following conditions, as listed in Table 8.4.1 Bend tests on 
explosion bonded aluminium/steel composites: 


(a) The aluminium plate is in tension. 
(b) The steel plate is in tension. 
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(c) Aside bend is applied. 


4.5 Identification 
4.5.1 Each acceptable transition strip is to be clearly marked with the following particulars: 


(a) LRor Lloyd's Register and the abbreviated name of LR's local office. 
(o) Manufacturer's name or trade mark. 

(c) Identification mark for the grade of aluminium. 

(d) Identification mark for the grade of steel. 


The particulars are to be stamped on the aluminium surface at one end of the strip. 


4.6 Certification of materials 


4.6.1 A manufacturer’s certificate validated by LR is to be issued (see Ch 7, 3.1 General) and as a minimum is to include the 
following particulars: 


a) Purchaser's name and order number. 
b) The contract number for which the material is intended, if known. 
) Address to which the material is dispatched. 
d) Description and dimensions of the material. 
. Specifications or grades of both the aluminium alloy and the steel and any intermediate layer. 
f) | Cast numbers of the steel and aluminium plates. 
g) Identification number of the composite plate. 
h) Mechanical test results (not required on shipping statement). 
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1 Castings for propellers 
2 Castings for valves, liners and bushes 
3 Tubes 
a Section 7 
Castings for propellers 
1.1 Scope 
1.4.4 This Section gives the requirements for copper alloy castings for one-piece propellers and separately cast blades and 


bosses for fixed pitch and controllable pitch propellers (CPP). These include contra-rotating propellers and propulsors fitted to 
podded drives and azimuth units. 


1.1.2 These castings are to be manufactured and tested in accordance with the appropriate requirements of Chapters Ch 7 
General Requirements and Ch 2 Testing Procedures for Metallic Materials and the specific requirements of this Section. 


1.1.3 As an alternative to Ch 9, 7.7 Scope 1.1.2, castings which comply with National or proprietary specifications may be 
accepted provided that these specifications give reasonable equivalence to the requirements of this Section or alternatively are 
approved for a specific application. 


1.1.4 The appropriate requirements of this Section may also be applied to the repair and inspection of propellers which have 
been damaged during service. 


1.1.5 Generally, survey and certification are to be carried out in accordance with the requirements of Ch 7 General 
Requirements. 

1.2 Manufacture 

1.2.1 All castings are to be manufactured at foundries approved by Lloyd's Register (hereinafter referred as 'LR’). 

1.2.2 The pouring is to be carried out into dried moulds using degassed liquid metal. The pouring is to avoid turbulent flow. 
Special devices and/or procedures are to be used to prevent slag flowing into the mould. 

1.3 Quality of castings 


1.3.1 All castings are to be free from surface or internal defects, including cracks, hot tears or other imperfections, which 
would be prejudicial to their proper application in service. 


1.3.2 Minor casting defects which may still be visible after machining, such as small sand and slag inclusions, small cold shuts 
and scabs are to be suitably removed by mechanical means such as chipping or grinding. 


1.3.3 The removal and repair of defects are dealt with in Ch 9, 1.9 Rectification of defective castings and Ch 9, 1.10 Weld 
repair procedure. 
1.4 Chemical composition 


1.4.1 The chemical compositions of samples from each melt are to comply with the manufacturing specification approved by 
LR and also with the overall limits given in Table 9.1.1 Chemical composition of propeller and propeller blade castings. In addition 
to carrying out chemical analysis for the elements given in the Table, it is expected that manufacturers will ensure that any harmful 
residual elements are within acceptable limits. 


1.4.2 The use of alloys whose chemical compositions are different from those detailed in Table 9.1.1 Chemical composition of 
propeller and propeller blade castings will be given special consideration by LR. 


1.4.3 The manufacturer is to maintain records of all chemical analyses, which are to be made available to the Surveyor so that 
he can satisfy himself that the chemical composition of each casting is within the specified limits. 


1.4.4 When a melt is wholly prepared from ingots for which an analysis is already available, and provided that no significant 
alloy additions are made during melting, the ingot maker's certified analysis can be accepted subject to occasional checks as 
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required by the Surveyor. If any foundry returns are added to the melts, the ingot manufacturer's chemical analyses are to be 
supplemented by frequent checks as required by the Surveyor. 


Table 9.1.1 Chemical composition of propeller and propeller blade castings 


Alloy designation Chemical composition of ladle samples % 


Grade Cu 1 
Manganese bronze 
(high tensile brass) 


Grade Cu 2 
Ni-manganese bronze . 3,0-8,0 0,5-2,5 
(high tensile brass) 
Grade Cu 3 3,0-6,0 2,0-6,0 


: ae 0,1 max. 1,0 max. 0,03 max. 7,0-11,0 
Ni-aluminium bronze (see Note) (see Note) 


Grade Cu4 


ie 70-80 1,0 max. 6,0 max. 0,05 max. 1,5-3,0 2,0-5,0 6,5-9,0 
Mn-aluminium bronze 


Note for naval ships, the nickel content is to be higher than the iron content. 


1.4.5 For alloys Grade Cu 1 and Cu 2, the zinc equivalent shall not exceed 45 per cent, and is to be calculated using the 
following formula: 
100 x %Cu 
7 ;- 0, 
zincequivalent % = 100 100+ A 


where A is the algebraic sum of the following: 
1x % Sn 

5 x % Al 

-0,5 x % Mn 

-0,1 x % Fe 

-2,3 x % Ni 


1.4.6 Samples for metallographic examination are to be prepared from the ends of test bars cast from every melt of Grade Cu 
1 and Cu 2 alloys. The proportion of alpha-phase determined from the average of at least five counts is to be not less than 25 per 
cent. 

1.5 Heat treatment 


1.5.1 At the option of the manufacturer, castings may be supplied in the ‘as cast’ or heat treated condition. However, if heat 
treatment is to be applied, full details are to be included in the manufacturing specification. 


1.5.2 If any welds are made in the propeller casting, stress relief heat treatment is required in order to minimise the residual 
stresses. Requirements concerning such heat treatment are given in Ch 9, 7.10 Weld repair procedure. 


1.6 Test material 
1.6.1 Test samples are to be cast separately from each melt used for the manufacture of propeller or propeller blade castings. 


1.6.2 The test samples are to be of the keel block type, generally in accordance with the dimensions given in Figure 9.17.1 
Keel block type test sample and are to be cast in moulds made from the same type of material as used for the castings. 


1.6.3 The method and procedures for the identification of the test specimens, and the castings they represent, are to be 
agreed with the Surveyor. The identification marks are to be transferred and maintained during the preparation of test specimens. 


1.6.4 Where castings are supplied in the heat treated condition, the test samples are to be heat treated together with the 
castings which they represent. 
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1.6.5 Where the manufacturer proposes test specimens to be taken from integrally cast test samples, this is to be the subject 
of special agreement with LR. Wherever possible, the test samples are to be located on the blades in an area lying between 0,5 to 
0,6 R, where PR is the radius of the propeller. The test sample material is to be removed from the casting by non-thermal 
procedures. 


1.7 Mechanical tests 


1.7.1 At least one tensile test specimen representative of each cast is to be prepared. The dimensions of this test specimen 
are to be in accordance with Figure 2.2.1 Test specimen dimensions for forgings and castings - | in Chapter 2. 


Waled The results of all tensile tests are to comply with the requirements given in Table 9.1.2 Mechanical properties for 
acceptance purposes: propeller and propeller blade castings. 


Approx. 50 mm 


Figure 9.1.1 Keel block type test sample 


Table 9.1.2 Mechanical properties for acceptance purposes: propeller and propeller blade castings 


0,2% proof stress Tensile strength Elongation on 5,65 


Alloy designation ii 
eeeee N/mm? minimum — N/mm? minimum So % minimum 


Grade Cu 1 
Manganese bronze 20 
(high tensile brass) 


Grade Cu 2 
Ni-manganese bronze 
(high tensile brass) 


Grade Cu 3 Ni-aluminium bronze 


Grade Cu 4 Mn-aluminium bronze 
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1.7.3 The mechanical properties of alloys whose chemical compositions do not accord with Table 9.7.1 Chemical 
composition of propeller and propeller blade castings are to comply with a manufacturing specification approved by LR. 


1.8 Inspection and non-destructive examination 


1.8.1 Propeller castings should be visually inspected at all stages of manufacture, and all finished castings are to be 100 per 
cent visually inspected by the manufacturer. The manufacturer is to draw any significant imperfections to the attention of the 
Surveyor. Such imperfections are to be verified in accordance with Ch 9, 7.9 Rectification of defective castings. 


1.8.2 All finished castings are to be subjected to a general visual examination by the Surveyor, in addition to the visual 
inspection carried out by the manufacturer. This is to include internal surfaces such as the bore and bolt holes. Where 
unauthorised weld repairs are suspected by the Surveyor, the area is to be etched (e.g. by iron chloride) for the purpose of 
confirmation. 


1.8.3 For the purpose of these requirements, the blades of propellers, including CPP blades, are divided into three severity 
Zones A, B and C as shown in Figure 9.1.2 Severity zones in all propeller blades and detailed in Ch 9, 1.8 Inspection and non- 
destructive examination 1.8.4 for blades having skew angles of 25° or less and Ch 9, 1.8 Inspection and non-destructive 
examination 1.8.5 for blades having skew angles of greater than 25°. The definition of skew angle is given in the Rules and 
Regulations for the Classification of Ships, July 2022, Pt 5, Ch 7, 1.1 Details to be submitted, Pt 5, Ch 7, 1.1 Details to be 
submitted 1.1.2. Proposals by the propeller designer for a modified zone area based on detailed hydrodynamic load and stress 
analysis may be considered by LR in conjunction with the requirements of the Rules and Regulations for the Classification of Ships, 
July 2022, Pt 5, Ch 7, 3.1 Minimum blade thickness 3.1.7 and relevant sections within the appropriate Rules set. 
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Trailing edge 
Leading edge 


C, = local chord length 


Pressure side Suction side 


(a) Blades with propeller skew angles of 25° or less 


Leading edge 


Pressure side Suction side 


(b) Blades with propeller skew angles greater than 25° 


R= Propeller radius 
Cr = chord length at radius r 


Figure 9.1.2 Severity zones in all propeller blades 


1.8.4 Skew angles of 25° or less: 


e Zone A is the area on the pressure side of the blade from and including the root fillet to 0,4R and bounded on either side by 
lines at a distance 0,15 times the chord length C, from the leading edge and 0,2 times C, from the trailing edge, respectively. 
Where the hub radius (R,) exceeds 0,27R, the other boundary of zone A is to be increased to 1,5Ap. 

e — Zone B includes the areas inside 0,7R on both sides of the blade, excluding Zone A. 

e — Zone C includes the areas outside 0,7R on both sides of the blade. 
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1.8.5 Skew angles of greater than 25°: 


e Zone Ais the area on the pressure side of the blade bounded by, and including, the root fillet and a line running from the 
junction of the leading edge with the root fillet to the trailing edge at 0,9R and passing through the mid-point of the chord at 
0,7R and a point situated at 0,3 of the chord length from the leading edge at 0,4R. 

e Zone A also includes the area along the trailing edge on the suction side of the blade from the root to 0,9R and with its inner 
boundary at 0,15 of the chord length tapering to meet the trailing edge at 0,9R. 

e Zone B constitutes the whole of the remainder of the blade surfaces. 

1.8.6 In propeller blades with continuously loaded tips (CLT), the whole of the tip plate and the adjoining blade to a distance of 


100 mm is to be regarded as severity Zone B, see Figure 9.1.3 Severity Zone B at continuously loaded blade tip. For propellers 
with diameters less than 2 m, the width of this zone may be reduced to one tenth of the propeller radius. 


Tip plate 


Zone B (shaded) 


4875/04 


Figure 9.1.3 Severity Zone B at continuously loaded blade tip 


1.8.7 In addition, the palm of a CPP blade is divided into severity Zones A and B as shown in Figure 9.1.4 Severity zones for 
controllable pitch propeller blades. 


1.8.8 If a CPP blade has an integrally cast journal, the fillets of the journal and the adjoining material up to a distance of 
20 mm from the fillet run-outs are to be regarded as Zone B, as indicated in Figure 9.1.5 Severity zones in integrally cast CPP 
blade journals. The remainder of the surface of the journal may be regarded as Zone C. 


1.8.9 Hubs of controllable pitch propellers are to contain a Zone A region at each blade port as shown in Figure 9.1.6 Severity 
zones for controllable pitch propeller hub. The remainder may be regarded as Zone C. 


1.8.10 | On completion of machining and grinding, the whole surface of each casting is to be subjected to a liquid penetrant 
inspection in accordance with a procedure acceptable to LR. 


1.8.11 All liquid penetrant inspections on Zone A areas in the finished condition are to be made in the presence of the Surveyor. 
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Leading 


edge 
we 9 


Section b-b 
Trailing 
edge 


a 4875/03 


Zone A 
(including ce oo Sos Zone A 


\ Deteheles) (see Section b-b) 


Zone B 
Section a-a 


The surfaces of blades are to be divided into severity zones in accordance with Fig. 9.1.2 


Figure 9.1.4 Severity zones for controllable pitch propeller blades 


4875/01 


The surfaces of the journal which are not shaded 
are to be regarded as severity Zone C 


Figure 9.1.5 Severity zones in integrally cast CPP blade journals 
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Zone A 
(inside and 
outside) 


4875/02 


(d,; and dz = diameters) 


Figure 9.1.6 Severity zones for controllable pitch propeller hub 


1.8.12 Liquid penetrant inspections on Zones B and C are to be performed by the manufacturer and may be witnessed at the 
Surveyor’s request. 


1.8.13 The surface to be inspected shall be divided into reference areas of 100 cm?. The indications detected shall, with 
respect to their size and number, not exceed the values given in Table 9.1.4 Allowable number and size of liquid penetrant 
indications in a reference area of 100 cm?. The area shall be taken in the most unfavourable location relative to the indication being 
evaluated. 


1.8.14 — Indications exceeding the acceptance standard in Table 9.1.4 Allowable number and size of liquid penetrant indications 
in a reference area of 100 cm? shall be repaired in accordance with Ch 9, 1.9 Rectification of defective castings. 


1.8.15 — All defects requiring repair by welding in new propeller castings are to be recorded on sketches showing their locations 
and dimensions. Copies of these sketches are to be presented to the Surveyor prior to repair. 


1.8.16 | Where repairs have been made either by grinding, straightening or welding, the repaired areas are to be subjected to 
dye liquid penetrant inspection in the presence of the Surveyor, regardless of their location and/or severity zone. 


1.8.17 | Where no welds have to be made on a casting, the manufacturer is to provide the Surveyor with a statement that this is 
the case. 


1.8.18 | Where it is suspected that a casting contains internal defects, or where deemed necessary by the manufacturer or 
Surveyor, further volumetric NDE should be carried out, where practical, in the form of radiographic and/or ultrasonic testing. The 
acceptance criteria are to be agreed between the manufacturer and LR in accordance with a recognised standard. The standard 
ASTM E272-99 (Severity Level 2) or equivalent is to be the radiographic acceptance standard for copper alloy castings. 


1.8.19 Due to the attenuating effect of ultrasound within cast copper alloys, ultrasonic testing may not be effective in some 
cases, depending on the shape/type/thickness, and grain growth direction of the casting. Generally, ultrasonic testing of Cu 1 and 
Cu 2 grades is not effective. For Cu 3 and Cu 4, ultrasonic inspection of defects may be possible and effective ultrasound 
penetration into the casting is to be practically demonstrated on the item. This would normally be determined by way of back-wall 
reflection, and/or target features within the casting. In the absence of any proposed acceptance standard by the manufacturer, UT 
acceptance criteria is to comply with the requirements of Ch 4, 4.6 Non-destructive examination 4.6.2. 


1.8.20 Advanced NDE methods, as described in Ch 7, 5.11 Advanced NDE methods, may be applied to Cu 3 and Cu 4 
copper alloy castings for propellers, as appropriate to the material type, thickness, complexity and geometry, as a substitute for, or 
complementary to conventional ultrasonic or radiographic testing. 


1.8.21 The measurement of dimensional accuracy is the responsibility of the manufacturer but the report on dimensional 
inspection is to be presented to the Surveyor who may require checks to be made and to witness such checks. 
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1.8.22 Static balancing is to be carried out on all propellers in accordance with the approved plan. Dynamic balancing is 
necessary for propellers running above 500 rpm. 
1.9 Rectification of defective castings 


1.9.1 The rectification of defective propeller and propeller blade castings is to be carried out in accordance with the 
requirements given in Ch 9, 1.9 Rectification of defective castings 1.9.2 to Ch 9, 1.9 Rectification of defective castings 1.9.11. 


1.9.2 Where, in the surface of the end face or bore of a propeller boss, local pores are present which do not themselves 
adversely affect the strength of the casting, they may be filled with a suitable plastic filler after the appropriate preparation of the 
defective area. The foundry is to maintain records and details of all castings which have been so rectified. 


1.9.3 Where unacceptable defects are found in a casting, they are to be removed by mechanical means, and the surfaces of 
the resulting depressions are subsequently to be ground smooth. Complete elimination of the defects is to be proved by adequate 
liquid penetrant inspection. 


1.9.4 Shallow grooves or depressions resulting from the removal of defects may, at the discretion of the Surveyor, be 
accepted provided that they will cause no appreciable reduction in the strength of the castings and that they are suitably blended 
by grinding. 


1.9.5 Welded repairs are to be undertaken only when they are considered to be necessary and approved by the Surveyor. In 
general, welds having an area less than 5 cm? are to be avoided. 


1.9.6 All weld repairs are to be carried out in accordance with qualified procedures by suitably qualified welders, and are to be 
completed to the satisfaction of the Surveyor. Records are to be made available to the Surveyor. 


19.7 Welding is generally not permitted in Zone A and will only be allowed after special consideration. 


1.9.8 Prior approval by the Surveyor is required for any welds in Zone B. Complete details of the repair procedure are to be 
submitted for each case. 


1.9.9 Repair by welding is allowed in Zone C provided that there is compliance with Ch 9, 7.9 Rectification of defective 
castings 1.9.5 and Ch 9, 1.9 Rectification of defective castings 1.9.6. 


1.9.10 | The maximum area of any single repair and the maximum total area of repair in any one zone or region are given in Table 
9.1.3 Permissible rectification of new propellers by welding. 


1.9.11 Where it is proposed to exceed the areas given in Table 9.1.3 Permissible rectification of new propellers by welding, the 
nature and extent of the repair work are to be approved by the Surveyor before commencement of the repair. 


Table 9.1.3 Permissible rectification of new propellers by welding 


Severity zone or region Maximum individual area of repair Maximum total area of repairs 


Zone A Weld repairs not generally permitted 


Defects that are not deeper than (t/40) mm or 2 mm, whichever is greater, below the minimum local thickness are 
to be removed by grinding. Defects which are deeper than allowable for removal by grinding may be repaired by 
welding. 


200 cm? or 2% x S, whichever is the greater in combined 
60 cm or 0,6% x S whichever is the greater Zones B and C but not more than 100 cm? or 0,8% x S, 
whichever is the greater, in Zone B on the pressure side 


Other regions (see 17 cm? or 1,5% area of the region whichever is 


50 cm? or 5% x area of the region whichever is the greater 
Note) the greater 


where — tf = minimum local thickness in mm 


DB 
S = area of one side of a blade = 0,79 a 


D = finished diameter of propeller 


B = developed area ratio 
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N = number of blades 


Note Other regions include: (a) the bore; (b) the forward and aft faces of the boss; (c) the outer surface of the boss to the start of the blade 


root fillets; (d) the inner face of a CPP blade palm; (e) all surfaces of CPP nose cones; (f) the surfaces of integral journals to CPP blades other 
than the fillets. 


1.9.12 The following definitions apply in relation to the assessment of indications when using the liquid penetrant testing 
method: 


(a) An indication is defined as the presence of detectable bleed-out of the penetrant liquid from the material discontinuities 
appearing at least 10 minutes after the developer has been applied (see Note 1). 

(b) Relevant indication: Only indications which have any dimension greater than 1,5 mm shall be considered relevant for the 
categorisation of indications. 

(c) Non-linear indication: an indication with a largest dimension less than three times its smallest dimension (i.e. | < 3 w). 

(d) Linear indication: an indication with a largest dimension three or more times its smallest dimension (i.e. | > 3 w). 

(e) Aligned indications: 


(i) | Non-linear indications form an alignment when the distance between indications is less than 2 mm and at least three 
indications are aligned. An alignment of indications is considered to be a unique indication and its length is equal to the 
overall length of the alignment. 

(ii) | Linear indications form an alignment when the distance between two indications is smaller than the length of the longest 
indication. 


Note 1: Where there is uncertainty regarding the dimensions of the bleed-out indication size, either due to a large number of 
small, grouped indications, or an indication experiences excessive bleed-out, the penetrant testing process shall be 
repeated by strictly following the procedure. In exceptional circumstances, whereby the indication size cannot be accurately 
determined, the actual discontinuity size may be further examined using visual inspection methods, and augmented with the 
aid of magnification instruments, to determine the actual size of the discontinuity, as visible on the surface of the material. 


1.9.13 Further examination is to be agreed with the Surveyor, and the Surveyor may, where deemed necessary, request further 
NDE to ascertain the extent of indications, which may include volumetric testing. 


Table 9.1.4 Allowable number and size of liquid penetrant indications in a reference area of 100 cm? 


Severity Zones Max. total number of Type of indications (see Max. number of each type | Max. acceptable value for 
indications Note 2) (see Notes 3 and 4) ‘w’ or 'l' of indications 
(mm) (see Note 2) 


Non-linear 4 
Linear 3 


Aligned 


Non-linear 
Linear 


Aligned 


Non linear 
Linear 


Aligned 6 


Note 1. The reference area is defined as an area of 0,01 m2, which may be square or rectangular, with the major dimension not exceeding 250 
mm. The area shall be taken in the most unfavourable location relative to the indication being evaluated. 


Note 2. Non-linear, linear and aligned indications are defined as follows: 
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Non-linear 


2 
ae te | 


“LCD 


2 
ws3 


Non-linear Aligned Linear Aligned 
a 2, 


<> aa 2, l= 2, ——— ej _ Lm 
dh, d, a, dj a 


di 
0<di<2mm d< Max [¢] 
Note 3. Single non-linear indications less than 2 mm in Zone A and less than 3 mm in other zones are not considered relevant. 


Note 4. The total number of non-linear indications may be increased to the maximum total number, or part thereof, represented by the absence 
of linear or aligned indications. 


1.9.14 Areas which are prepared for welding are independent of their location and are always to be assessed according to 
Zone A. The same applies to the welded areas after being finished by machining and/or grinding. 
1.10 Weld repair procedure 


1.10.1. Welding is to be carried out under cover in positions free from draughts and adverse weather conditions. 


1.10.2 The manufacturer is to submit a detailed welding procedure specification covering the weld preparation, welding 
parameters, filler metal, preheating, post-weld heat treatment and inspection procedures. 


1.10.3 Before welding is started, Welding Procedure Qualification tests are to be carried out and witnessed by the Surveyor. 
Each welder is to be qualified in accordance with the requirements of Ch 12, 5 Welder qualification tests. 


1.10.4 The requirements of Ch 12, 4.2 Requirements for copper alloys are to be followed for the welding procedure 
qualification with the following exceptions and additions: 


(a) The test assembly should consist of cast material and its thickness should not be less than 30 mm. 

(bo) Bend test may be replaced with fracture test in accordance with ISO 9017. Where fracture test is used, four fracture 
specimens are to be tested, two extracted from the middle and two from the end of the test weld length. The minimum 
length of each specimen is to be 20 mm and side notches are to be used. Fracture test results are to be assessed in 
accordance with the acceptance criteria specified for the Non-Destructive Examination in Ch 12, 2.5 Non-destructive 
examination (NDE) 2.5.5. 

c) The qualification range for base material thickness is given in Table 9.1.5 Thickness approval range. 

d) Approval for a test made in any welding position is restricted to that welding position. 

e) The approval is only valid for the welding consumable trade name used in the welding procedure test. 


=_ oF 
ws 


= 
ws 


Table 9.1.5 Thickness approval range 


Test assembly thickness, t (mm) | Thickness range approved 


t>30mm |>3mm 


1.10.5 Defects to be repaired by welding are to be removed completely by mechanical means (e.g. grinding, chipping or 
milling). Removal of defects in accordance with the requirements for Zone A is to be demonstrated by liquid penetrant inspection 
in the presence of the Surveyor. The excavation is to be prepared in a manner which will allow good fusion and is to be clean and 
dry. 


1.10.6 Metal arc welding with the electrodes or filler wire used in the procedure tests is to be used for all types of repairs. Welds 
should preferably be made in the downhand (flat) position. Suitable preheat is to be applied before welding, and the preheat 
temperature is to be maintained until welding is completed. 
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1.10.7 | When flux coated electrodes are used they are to be dried immediately before use, in accordance with the 
manufacturer's instructions. 


1.10.8 All slag, undercuts and other defects are to be removed before the subsequent run is deposited. 


1.10.9 With the exception given in Ch 9, 7.10 Weld repair procedure 1.10.10, all weld repairs in areas of solid propellers 
exposed to sea-water, and all repairs to separately cast blades, are to be stress relief heat treated. 


44 


.10.10 Stress relief heat treatment is not mandatory after welding Grade Cu 3 castings in Zone C unless a welding consumab 
susceptible to stress corrosion (e.g. complying with the composition range of Grade Cu 4) is used. All welds in Zones A and 
however, must be stress relieved by heat treatment, regardless of alloy. 


() 


WO 


1.10.11 Propeller and propeller blades are to be stress relieved within the following temperature ranges: 


alloy Grades Cu 1 and Cu 2 350°C to 550°C 
alloy Grade Cu 3 450°C to 500°C 
alloy Grade Cu 4 450°C to 600°C 


Soaking times are to be in accordance with Table 9.1.6 Soaking times for stress relief heat treatment of copper alloy propellers, 
and subsequent cooling from the soaking temperature is to be suitably controlled to minimise residual stresses and is not to 
exceed 50°C per hour until the temperature is below 200°C. Care should be taken to avoid heating castings in the Grade Cu 3 
alloy at temperatures between 300 and 400°C for prolonged periods. 


Table 9.1.6 Soaking times for stress relief heat treatment of copper alloy propellers 


Stress relief Alloy Grade Cu1 and Cu2 Alloy Grade Cu3 and Cu4 
temperature °C (see 
Notes) 


Hours per 25 Maximum Hours per 25 Maximum 
mm of recommended total mm of recommended total 
thickness time hours thickness time hours 


350 15 
400 5 
450 

500 

550 


600 


Note 1. Treatment at 550°C is not applicable to alloy Grade Cu3. 


Note 2. Treatment at 600°C is only applicable to alloy Grade Cu4. 


1.10.12 Stress relief heat treatment is to be carried out, where possible, in furnaces having suitable atmosphere and temperature 
control. Sufficient thermocouples are to be attached to the casting to measure the temperature at positions of extremes of 
thickness. 


1.10.13 As an alternative to Ch 9, 1.10 Weld repair procedure 1.10.12, local stress relief heat treatment may be accepted, 
provided that the Surveyor is satisfied that the technique will be effective and that adequate precautions are taken to prevent the 
introduction of detrimental temperature gradients. Where local stress relief heat treatment is approved, adequate temperature 
control is to be provided. The area of the propeller or blade adjacent to the repair is to be suitably monitored and insulated to 
ensure that the required temperature is maintained and that temperature gradients are moderate. Care should be taken to select 
the shape of an area to be heat treated which will minimise residual stresses. 


1.10.14 On completion, welds are to be ground smooth for visual examination and dye penetrant inspection. Where a propeller 
or propeller blade is to be stress relief heat treated, a visual examination is to be made before heat treatment, and both visual and 
dye penetrant examinations are to be made after the stress relief heat treatment. Irrespective of location, all weld repairs are to be 
assessed according to Zone A in Table 9.1.4 Allowable number and size of liquid penetrant indications in a reference area of 100 
om? 
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1.10.15 The foundry is to maintain full records detailing the weld procedure, heat treatment and extent and location on drawings 
of repairs made to each casting. These records are to be available for review by the Surveyor, and copies of individual records are 
to be supplied to the Surveyor on request. 


1.10.16 LR reserves the right to restrict the amount of repair work accepted from a manufacturer when it appears that repetitive 
defects are the result of improper foundry techniques or practices. 

1.11 Straightening 

1.11.1. The extent and procedure of straightening is to be agreed with the Surveyor. 

1.11.2 — Static loading is to be used for hot and cold straightening of propeller. 


1.11.3 Weld repaired areas may be subject to hot straightening, provided that it can be demonstrated that weld properties are 
not impaired by the hot straightening operations. 


1.11.4 — Hot straightening of a bent propeller blade or a pitch modification is to be carried out after heating the bent region and 
approximately 500 mm wide zones on either side of it to the temperature range given in Table 9.1.7 Hot straightening 
temperatures. 


1.11.5 The heating for hot straightening is to be slow and uniform and the concentrated flames such as oxyacetylene and 
oxypropane should not be used. Sufficient time is to be allowed for the temperature to become uniform through the full thickness 
of the blade section. The temperature is to be maintained within the suggested range throughout the straightening operation. A 
thermocouple instrument or temperature indicating crayons are to be used for measuring the temperature. 


1.11.6 Cold straightening may be used for minor repairs of tips and edges of propeller blades. Cold straightening on CU1, CU2 
and CU4 bronze is to be followed by a stress relieving heat treatment in accordance with Table 9.1.6 Soaking times for stress relief 
heat treatment of copper alloy propellers 


Table 9.1.7 Hot straightening temperatures 


Hot straightening temperature °C 


500 - 800 


500 - 800 


700 - 900 


700 - 850 


1.12 Identification 


1.12.4 Castings are to be clearly marked by the manufacturer in accordance with the requirements of Ch 7 General 
Requirements. The following details are to be shown on all castings which have been accepted: 


a) — Identification mark which will enable the full history of the item to be traced including the manufacturer’s mark. 
b) Alloy grade. 
) LR or Lloyd's Register and the abbreviated name of LR local office. 
d) Personal stamp of Surveyor responsible for the final inspection. 
) Date of final inspection. 
(f) | Skew angle if in excess of 25°. See Pt 5, Ch 7, 1 Plans and particulars of the Rules and Regulations for the Classification of 
Ships, July 2022 for the definition of skew angle. 
(g) The number of the test certificate. 
(h) Ice class symbol, where applicable. 


1.13 Certification of materials 
1.13.4 An LR certificate is to be issued for each propeller, see Ch 7, 3.1 General. 
1.13.2 | The manufacturer is to provide the Surveyor with the following particulars for each casting: 


(a) Purchaser's name and order number. 
(b) Description of casting, to include diameter, number of blades, pitch, direction of turning, and drawing number. 
(c) Alloy designation and/or trade name, and chemical composition of each heat. 
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(d) Heat or casting number. 
(e) Cast identification number if different from (qd). 
(f) Details of heat treatment, where applicable. 
(g) Skew angle if in excess of 25°. See the relevant Rules for the definition of skew angle. 
(h) Final weight of casting. 
(i) | Results of non-destructive tests and details of test procedures. 
(i) | Proportion of alpha-structure for CU1 and CU2 alloys. 
(k) Results of mechanical tests. 
() | Asketch showing the location and extent of welding repairs (if any). 
(m) Shipbuilding project number, if known. 
a Section 2 
Castings for valves, liners and bushes 
2.1 Scope 
2.1.1 This Section makes provision for copper alloy castings for valves, liners, bushes and other fittings intended for use in the 


construction of ships, other marine structures, machinery and pressure piping systems. 


212 Castings are to be manufactured and tested in accordance with Chapters Ch 7 General Requirements and Ch 2 Testing 
Procedures for Metallic Materials, and also with the requirements given in this Section. 


2.1.3 As an alternative to Ch 9, 2.1 Scope 2.1.2, castings which comply with National or proprietary specifications may be 
accepted provided that these specifications give reasonable equivalence to the requirements of this Section or alternatively are 
approved for a specific application. Generally, survey and certification are to be carried out in accordance with the requirements of 
Ch 1 General Requirements. 


2.2 Manufacture 

2.2.1 Castings are to be manufactured at foundries approved by LR. 

2.3 Quality of castings 

2.3.1 All castings are to be free from surface or internal defects which would be prejudicial to their proper application in 
service. 

2.4 Chemical composition 

2.4.1 The chemical composition is to comply with the requirements of a National or International Standard and, where 


appropriate, with the limits for the principal elements of the preferred alloys listed in Table 9.2.1 Chemical compositions of long 
freezing range alloys: principal elements only and Table 9.2.2 Chemical compositions of short freezing range alloys: principal 
elements only. 


Table 9.2.1 Chemical compositions of long freezing range alloys: principal elements only 


Designation Chemical composition Typical 


applications 
Cu Sn Zn Pb Ni Pe 


Cu Sn11 P 87,0 - 10,0 - 0,05 max. |0,25 max. | 0,10 max 05-10 
89,5 11,5 Liners, bushes, 


Cu Sn12 85,0 - 11,0- 0,50 max. |0,7 max. | 2,0 max valves and fittings 
0,60 max 
88,5 13,0 


Phosphor bronze 


Liners, valves 


Gunmetal Cu Sn10 Zn2 Remainder | 9,5 - 10,5 1,0 max ae 
and fittings 
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Leaded gunmetal | Cu Sn5 2nd PbS 4,0-6,0 2,0 max Bushes, valves 
and fittings 


0,10 max 


Cu Sn7 Zn2 Pb3 6,0 - 8,0 2,0 max 
0,10 max 


Cu Sn7 Zn4 Pb7 6,0 - 8,0 2,0 max 
0,10 max 


Cu Sn6 Zn4 Pb2 5,5 -6,5 1,0 max 
0,05 max 


Cu Sn10 Pb10 9,0-11,0 | 2,0 max. 8,0-11,0 | 2,0 max 


Cu Sn5 Pog 4,0-6,0 | 2,0 max. 8,0-10,0 | 2,0 max 


Leaded bronze Bushes 
Cu Sn7 Pb15 6,0 - 8,0 2,0 max. 13,0- 0,5 - 2,0 


17,0 


Cu Sn5 Pb20 4,0- 6,0 2,0 max. 18,0- 0,5 - 2,5 
23,0 


Table 9.2.2 Chemical compositions of short freezing range alloys: principal elements only 


Designation Chemical composition Typical 
applications 


Cu Ni Fe Cr Si 


Copper Cu Ni30 Fe1 Mn1 64,5 min. | 29,0-31,0 0,1 max. 


30% nickel ‘ : 
Cu Ni380 Fe1 Mn1 Nb | Remainde Flanges, 

: 29,0-31,0 0,3-0,7 
Si r valves and 


: ; F fittings 
Cu Ni80 Cr2 Fe Mn Si_ | Remainde 


29,0-32,0 0,15-0,50 
(see Note) r 


Flanges, 
Cu Ni10 Fe1 Mn1 84,5 min. | 9,0-11,0 | 1,0-1,8 valves and 
fittings 


Copper 
10% nickel 


4,0-6,0 | 4,0-5,5 Bushes, 
Aluminium | Cu Al10 Fed Ni5 76,0-83,0 | (See Note | (See valves and 
2) Note 2) : fittings 


4,0-7,5 | 4,0-7,0 
Cu Al11 Fe6 Ni6 72,0-78,0 | (See Note | (See 0,1 max. | 10,0-12,0 
2) Note 2) ; 


Note 1. Normally alloy Cu Ni80 Cr2 Fe Mn Si contains 0,1 to 0,25% titanium and 0,05 to 0,15% zirconium. 


Note 2. For Naval ships, the nickel content is to be higher than the iron content. 


2.4.2 With the exception given in Ch 9, 2.4 Chemical composition 2.4.3, chemical analysis is required on each cast. 


2.4.3 Where a cast is wholly prepared from ingots for which an analysis is already available, and provided that no significant 
alloy additions are made during melting, the ingot maker's certified analysis can be accepted subject to occasional check tests as 
requested by the Surveyor. The frequency of these check tests should, as a minimum, be one in every ten casts. If one of these 
check analyses fails to comply with the specification, checks are to be made on the previous and subsequent melts. If one or both 
of these further analyses is unsatisfactory, chemical analysis is to be carried out on all further melts until the Surveyor is satisfied 
that a return can be made to the use of occasional check tests. 
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2.5 Heat treatment 

2.5.1 Where required by the specification, castings may be supplied in either the ‘as-cast’ or heat treated condition. 

2.5.2 Where castings are supplied in a heat treated condition, the test samples are to be heat treated with the castings they 
represent prior to the preparation of the tensile test soecimens. 

2.6 Test material 


2.6.1 Test material sufficient for the tests specified in Ch 9, 2.6 Test material 2.6.4 and for possible re-test purposes is to be 
provided for each cast of material. 


2.6.2 The test material is to be separately cast into moulds made of the same material as that used for the castings they 
represent. 


2.6.3 For the alloys listed in Table 9.2.1 Chemical compositions of long freezing range alloys: principal elements only, sand 
cast test bars are generally to be in accordance with Figure 9.2.1 Sand cast test bars for long freezing range alloys. 


2.6.4 For the alloys listed in Table 9.2.2 Chemical compositions of short freezing range alloys: principal elements only, keel 
block type test samples are to be in accordance with Figure 9.1.1 Keel block type test sample. 


2.6.5 If it is proposed to use any other form of test bar, this is to be agreed in advance with the Surveyor. 


2.6.6 As an alternative, for liners and bushes, the test material may be taken from the ends of the castings. 


2.7 Mechanical tests 


2:01 A tensile test specimen is to be prepared from each test sample. The dimensions of the specimens are to comply with 
Figure 2.2.1 Test specimen dimensions for forgings and castings - | or Figure 2.2.2 Test specimen dimensions for forgings and 
castings - Il and aluminum alloys in Chapter 2. 


2.7.2 The results of all tests are to comply with the appropriate requirements given in Table 9.2.3 Mechanical properties of 
long freezing range alloys for acceptance purposes and Table 9.2.4 Mechanical properties of short freezing range alloys for 
acceptance purposes. 


Table 9.2.3 Mechanical properties of long freezing range alloys for acceptance purposes 


| ij 9 
Designation 0,2% proof stress Fanale sheng Elongation on 5,65 Ss % 
N/mm2 minimum 2 


(See Note 1) 


2 pis — 
N/mm< minimum minimum 


Sand Centrifugal Sand Centrifugal Centrifugal 


Phosphor bronze Cu Sn11 P 130 170 250 330 
Cu Sn12 140 150 260 280 


Gunmetal Cu Sn10 Zn2 


Leaded gunmetal Cu Snd Zn5 Pbd 
Cu Sn7 Zn2 Pb3 


Cu Sn7 Zn4 Pb7 


Cu Sn6 Zn4 Pb2 


Leaded bronze Cu Sn10 Pb10 
Cu Sn5d Pb9 
Cu Sn7 Pb15 


Cu Sn5 Pb20 


Note 1. The 0,2% proof stress values are given for information purposes only and, unless otherwise agreed, are not required to be verified by 
test. 


Note 2. Castings may be supplied in the chill cast condition in which case the mechanical properties requirements are to be in accordance with a 
specification agreed by LR. 
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Table 9.2.4 Mechanical properties of short freezing range alloys for acceptance purposes 


Designation 0,2% proof stress Tensile strength Elongation on 5,65 So % 
N/mm? minimum N/mm? minimum minimum 


Sand Centrifugal Sand Centrifugal Sand Centrifugal 


Copper 30% i830 Fe 


; 120 120 340 340 18 18 
Nickel 


i380 Fet 


230 
b Si 


i830 Cr2 F 
Cr2 Fe 250 


Copper 10% i10 Fe 
Nickel 
Aluminium u Al10 Fed 
Bronze i5 
u Al11 Fe6 
i6 
2.8 Inspection 
2.8.1 All castings are to be cleaned and adequately prepared for inspection. Before acceptance, all castings are to be 


presented to the Surveyor for visual examination. This is to include the examination of internal surfaces, where applicable. 


2.8.2 For valves and other pressure components, dye penetrant inspection is required and the Surveyor is to witness the 
tests. Unless otherwise agreed, the acceptance criteria to be applied are to meet the requirements of Table 9.2.5 Visual and 
surface NDE acceptance criteria for valves and pressure components, or equivalent. 


Table 9.2.5 Visual and surface NDE acceptance criteria for valves and pressure components 


Defect type Acceptance criteria for visual and 
surface NDE, see Note 


Linear indications Not permitted 


Porosity Individual pores are not to exceed 
3mm diameter bleed out, and 
the sum of the diameters of all 
indications in an area of 70 x 70 
mm is not to exceed 24 mm? 


Note Inspection is to be in accordance with a 
procedure acceptable to LR. 


2.8.3 The accuracy and verification of dimensions are the responsibility of the manufacturer. However, the report on 
dimensional inspection is to be presented to the Surveyor who may request to witness confirmatory measurements. 
2.9 Rectification of defective castings 


2.9.1 Subject to the prior approval of the Surveyor, castings containing local porosity may be rectified by impregnation with a 
suitable plastic filler provided that the extent of the porosity is such that it does not adversely affect the strength of the casting. 


2.9.2 Proposals to repair a defective casting by welding are to be submitted to the Surveyor before this work is commenced. 
The Surveyor is to be satisfied that the number, position and size of the defects are such that the castings can be efficiently 
repaired. 


2.9.3 Where approval is given for the repair by welding, complete elimination of the defects is to be proven by adequate non- 
destructive testing. 
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95 mm 


4888/04 


165 mm 


l~«- 


Figure 9.2.1 Sand cast test bars for long freezing range alloys 


2.9.4 All welding is to be in accordance with an approved and qualified weld procedure and carried out by a qualified welder. 


2.9.5 A statement and/or sketch detailing the extent and position of all weld repairs is to be prepared by the manufacturer as 
a permanent record. These records are to be available for review by the Surveyor, and copies of individual records are to be 
supplied to the Surveyor on request. 


2.9.6 The alloys listed in Table 9.2.1 Chemical compositions of long freezing range alloys: principal elements only are not 
satisfactory for repair by welding which is generally not permitted. Weld repairs may, however, be considered in special 
circumstances provided that a suitable procedure, with proof of previous satisfactory repairs is submitted to the Surveyor. 


2.9.7 The welding during manufacture of liners is not permitted in any alloy containing more than 0,5 per cent lead. 


2.10 Pressure testing 


2.10.1 Where required by the relevant Rules, castings are to be pressure tested before final acceptance. Unless otherwise 
agreed, these tests are to be carried out in the presence of the Surveyors and are to be to their satisfaction. 


2.11 Identification 


2.11.1 The manufacturer is to adopt a system of identification as per the requirements of Ch 1, 4.8 Identification of materials, 
which will enable all finished castings to be traced to the original cast and the Surveyor is to be given full facilities for tracing the 
castings when required. 


2.11.2 Before acceptance, all castings which have been tested and inspected with satisfactory results are to be clearly marked 
by the manufacturer with the following details: 

a) Identification number, cast number or other markings which will enable the full history of the casting to be traced. 

b) LRor Lloyd's Register and the abbreviated name of LR's local office. 

c) Personal stamp of the Surveyor responsible for inspection. 

d) Test pressure, where applicable. 


_ aa 
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(e) Date of final inspection. 


2.11.3. Where small castings are manufactured in large numbers, modified arrangements for identification may be specially 
agreed with the Surveyor. 


2.12 Certification of materials 
2.12.1 ALR certificate is to be issued, see Ch 7, 3.1 General. 


2.12.2 | The manufacturer is to provide the Surveyor with the following particulars for each casting or batch of castings which 
has been accepted: 


a) Purchaser's name and order number. 
b) Description of castings and alloy grade. 
) Identification number. 
d) Ingot or cast analysis. 
. Full details of heat treatment, where applicable. 
f) | Mechanical test results. 
(g) Test pressure, where applicable. 


2.12.3 In addition to Ch 9, 2.12 Certification of materials 2.12.2, the manufacturer is to provide, where applicable, a statement 
and/or sketch detailing the extent and position of all weld repairs made to each casting. 


fai Section 3 


Tubes 
3.1 Scope 
3.1.1 Provision is made in this Section for seamless copper and copper alloy tubes intended for use in condensers, heat 


exchangers and pressure piping systems. 


3.1.2 Tubes for Class | and Il pressure systems (as defined in the relevant Rules), are to be manufactured and tested in 
accordance with the requirements of Chapters Ch 7 General Requirements and Ch 2 Testing Procedures for Metallic Materials and 
the requirements of this Section. 


3.1.3 As an alternative to Ch 9, 3.1 Scope 3.1.2, tubes which comply with National or proprietary specifications may be 
accepted provided that these specifications give reasonable equivalence to the requirements of this Section or alternatively are 
approved for a specific application. Generally, Survey and certification are to be carried out in accordance with the requirements of 
Ch 1 General Requirements. 


3.1.4 Tubes for Class Ill pressure systems are to be manufactured and tested in accordance with the requirements of a 
National or International Standard recognised by LR. The manufacturer's test certificate will be acceptable and is to be provided 
for each batch of material. 


3.2 Manufacture 

3.2.1 Tubes for Class | and Il pressure systems are to be manufactured at a works approved by LR for the grade of material 
being supplied. 

3.2.2 Tubes for Class Ill pressure systems are not required to be manufactured at a works approved by LR. 

3.3 Quality 

3.3.1 Tubes are to be clean and free from surface and internal defects and residues from manufacturing operations. 

3.3.2 The tubes are to be supplied in smooth, round, straight lengths and the manufacturer is to guarantee freedom from 


deleterious films in the bore. The ends are to be cut clean and square with the axis of the tube and are to be de-burred. 


3.4 Dimensional tolerances 


3.4.1 The tolerances on the wall thickness and diameter of the tubes are to be in accordance with a National or International 
Standard recognised by LR. 
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3.4.2 The measurement of dimensional accuracy and compliance with the specification are the responsibility of the 
manufacturer, but the reports are to be made available to the LR Surveyors, who may require checks to be made in their presence. 


3.5 Chemical composition 


3.5.1 The chemical composition is to comply with the requirements of a National or International Standard recognised by LR 
and comply with the base limits for the principal elements given in Table 9.3.1 Chemical composition of principal elements only. 


Table 9.3.1 Chemical composition of principal elements only 


Designation Chemical composition % 


Pb Ni 


Copper-phosphorus 
deoxidised—non- 
arsenical 


Copper-phosphorus 99,2 min. 0,30-0,50 
deoxidised-arsenical 


Aluminium brass 76,0-79,0 0,02-0,06 0,06 max. 0,07 max. - Remainder 


90/10 Copper-nickel- Remainde — 1,0-2,0 _ 9,0-11,0 
iron (see Note) r 


70/30 Copper-nickel- Remainde 29,0-33,0 
iron (see Note) r 


NOTE 


here the purchaser specifies that the product is intended for subsequent welding applications, the following limits will apply: 


Zn 0,50% max. S$ 0,02% 

Pb 0,02% max. Cc max. 

P 0,02% max. 0,05% 
max. 


3.6 Heat treatment 


3.6.1 Copper-phosphorus and aluminium brass tubes are to be supplied in the annealed condition. Aluminium brass tubes 
may additionally be required to be given a suitable stress relieving heat treatment when subjected to a cold straightening operation 
after annealing. 


3.6.2 Tubes in the copper-nickel iron alloys are to be supplied in a solution heat treated condition to ensure that no iron rich 
phases are present. 


3.7 Mechanical tests 


3.7.1 Tubes are to be presented for test in batches of 300 lengths. A batch is to consist of tubes of the same size, 
manufactured from the same material grade. 


3.7.2 At least one length is to be selected at random from each batch and subjected to the following tests: 


(a) Tensile test. 
(b) Flattening test. 
(c) Drift expanding test. 


3.7.3 The procedures for mechanical tests and the dimensions of the test specimens are to be in accordance with Ch 2 
Testing Procedures for Metallic Materials. 


3.7.4 The flattening test is to be continued until the interior surfaces of the tube meet. 
3.7.5 For the drift expanding test, the mandrel is to have an included angle of 45°. 
3.7.6 The results of all mechanical tests are to comply with the appropriate requirements given in Table 9.3.2 Mechanical 


properties for acceptance purposes. 


258 Lioyp's REGISTER 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, JULY 2022 


Copper Alloys Chapter 9 


Section 3 


Table 9.3.2 Mechanical properties for acceptance purposes 


Elongation on ; : Grain size mm 
0,2% proof stress _—_ Tensile strength 5.65 Po % Drift expansion 
, (0) 


test % minimum 
minimum Note) 


Designation maximum (see 


N/mm? minimum — N/mm? minimum 


Copper-phosphorus deoxidised—non- 


: 65 40 
arsenical 


Copper-phosphorus deoxidised— 


: 65 220 
arsenical 


Aluminium brass 125 320 | 0,045 
90/10 Copper-nickel-iron 100 270 0,045 


70/30 Copper-nickel-iron 120 360 0,045 


Note When a maximum grain size is specified, the structure is to be completely re-crystallised. The manufacturer is to guarantee the grain size, 
but testing of each batch will not be required. 


3.7.7 At the discretion of the Surveyor, a modified testing procedure may be adopted for small quantities of materials. In such 
cases, these may be accepted on the manufacturer's declared chemical composition and hardness tests or other evidence of 
satisfactory properties. 


3.8 Visual examination 


3.8.1 All tubes are to be visually examined. The manufacturer is to provide adequate lighting conditions to enable an internal 
and external examination of the tubes to be carried out. 


3.8.2 The inner and outer surfaces are to be clean and smooth but may have a superficial, dull iridescent film on both the 
inner and outer surfaces. 


3.9 Hydraulic test 
3.9.1 Each tube is to be subjected to a hydraulic test at the manufacturer's works. 


3.9.2 The hydraulic test pressure is to be determined from the following formula, except that the maximum test pressure need 
not exceed 7 MPa: 


P = test pressure, in MPa 
D = nominal outside diameter, in mm 
t = nominal wall thickness, in mm 


S = AO for copper-phosphorous 
= 60 for Al-brass and 


= 60 for 90/10 copper nickel iron 


= 75 for 70/30 copper nickel iron 


3.9.3 The test pressure is to be maintained for sufficient time to permit proof that the tubes do not weep, leak or undergo a 
permanent increase in diameter. Unless otherwise agreed, the manufacturer's certificate of satisfactory hydraulic test will be 
accepted. 


3.9.4 Where it is proposed to adopt a test pressure other than that determined in Ch 9, 3.9 Hydraulic test 3.9.2, the proposal 
will be subject to special consideration. 
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3.9.5 Subject to special approval, an automated eddy current test can be accepted in lieu of the hydraulic test. Discontinuous 
irregularities on the external and internal surfaces of the tubes are permitted if they are within the agreed dimensional tolerances, 
with the exception of cracks, which are not permitted. 


3.10 Rectification of defects 


3.10.1 The repair of defects by welding is not permitted. 


3.11 Identification 


3.11.1 Tubes are to be clearly marked by the manufacturer in accordance with the requirements of Ch 1 General 
Requirements. The following details are to be shown on all materials which have been accepted: 


a) LRor Lloyd's Register. 

b) Manufacturer's name or trade mark. 

c) Grade of material or designation code. 

d) Identification number and/or initials which will enable the full history of the item to be traced. 


( 
( 
( 
( 


3.11.2 Identification is to be by rubber stamp or stencils. Hard stamping is not permitted. 


3.12 Certification of materials 


3.12.1 A manufacturer’s certificate validated by LR is to be issued (See Ch 7, 3.1 General), giving the following particulars for 
each casting or batch of castings which has been accepted: 


a) Purchaser's name and order number. 

b) Specification or grade of material. 

. Description and dimensions. 

d) Cast number and chemical composition. 

. Mechanical test results. 

f) Results of stress corrosion cracking test, where applicable. 
(g) Hydraulic test report. 
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a Section 17 
Anchors 
1.1 Scope 
LAA This Section makes provision for the manufacture and testing of anchors constructed from cast, forged and fabricated 
components. 
1.1.2 This Section is applicable to the following types of anchor: 
(a) Ordinary. 
(b) — High holding power (HHP). 
(c) Super high holding power (SHHP). 
1.1.3 In the context of this Section, the reference to swivels refers to those directly attached to the anchor shank in lieu of the 
conventional 'D' shackle. For other mooring equipment swivels, see Ch 10, 2.13 Fittings for chain cables. 
1.2 Design requirements 
1.2.4 All anchors are to be of an approved design. In addition, HHP and SHHP anchor designs are required to be tested in 


accordance with Ch 10, 1.3 Anchor holding power tests for HHP and SHHP anchors so as to confirm the holding power. 


1.3 Anchor holding power tests for HHP and SHHP anchors 


1.3.1 Anchor designs for which approval is sought as HHP anchors are to be tested at sea to show that they have holding 
powers of at least twice those of approved standard stockless anchors of the same mass. In the case of SHHP anchors, a holding 
power of at least four times that of an ordinary stockless anchor of same mass is to be demonstrated. 


1.3.2 Full scale tests are to be carried out at sea on various types of bottom, normally, soft mud or silt, sand or gravel and 
hard clay or similar compounded material. The tests are to be applied to anchors of mass which are as far as possible 
representative of the full range of sizes proposed. 


1.3.3 HHP and SHHP anchors are to be tested along with an ordinary stockless anchor to establish the holding power. They 
are to be of approximately the same mass and tested in association with the size of chain required for that anchor mass. 


1.3.4 Where an ordinary stockless anchor is not available for testing a HHP anchor, the use of a previously approved HHP 
anchor may be considered. For testing SHHP anchors, a previously approved HHP or SHHP anchor may be considered. 


1.3.5 The length of the cable attached to each anchor is to be such that the pull on the shank remains horizontal during the 
test. For this purpose a scope of 10 is considered normal but a scope of not less than 6 may be accepted. Scope is defined as 
the ratio of length of cable to depth of water. 


1.3.6 Three tests are to be taken for each anchor and each type of bottom. The stability of the anchor and ease of breaking 
out are to be noted where possible. Tests are to be carried out from a tug but, alternatively, shore based tests will be specially 
considered The pull is to be measured by dynamometer. Measurements of pull, based on the RPM/bollard pull curve of the tug will 
be considered as an alternative to a dynamometer. 
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1.3.7 For approval and/or acceptance for a range of HHP anchor sizes, tests are to be carried out for at least two anchor 
sizes. The mass of the maximum size approved is not to be more than 10 times the mass of the largest size tested. 


1.3.8 For approval and/or acceptance for a range of SHHP anchor sizes, at least three anchor sizes are to be tested, 
indicative of the bottom, middle and top of the mass range. 


1.3.9 The holding power test load is not to exceed the proof load of the anchor. 


1.4 Cast steel anchors 


1.4.1 Cast steel anchor heads, shanks, shackles and swivels are to be manufactured and tested in accordance with the 
requirements of Ch 4, 1 General requirements and Ch 4, 2 Castings for ship and other structural applications. The Special grade 
quality is to be used for anchor heads, shanks and shackles. 


1.4.2 Special consideration will be given to the use of other grades of steel for the manufacture of swivels. 
1.4.3 To confirm the quality of cast anchor components, the Surveyor is to witness drop and hammering tests. 
1.4.4 When drop and hammering tests are required, they are to be carried out as follows: 


(a) Each anchor, or the components of an anchor made from more than one piece, is to be dropped from a clear height of 4 m 
onto a steel slab laid on a solid foundation. 

(b) Separately cast shanks and shackles are to be suspended horizontally from a clear height of 4 m before being dropped. Cast 
anchor flukes are to be suspended vertically, from a clear height of 4 m before being dropped. Alternatively, a horizontal drop 
test for the anchor fluke can be carried out as agreed by the manufacturer and Surveyor. 

(c) Anchors cast in one piece are to be drop tested twice from a clear height of 4 m. For the first test, the shank and flukes are to 
be horizontal. For the second test, two steel blocks are to be placed on the slab, arranged so that the middle of each fluke 
makes contact with the blocks without the crown making contact with the slab, and the orientation of the anchor is to be 
vertical with the crown nearest the slab. 

(d) If the slab is broken by the impact, the test is to be repeated on a new slab. 


1.4.5 When hammering tests are required, they are to be carried out after the drop test on each anchor head and shank, 
which is slung clear of the ground, using a nonmetallic sling, and hammered to check the soundness of the component. A 
hammer of at least 3 kg mass is to be used. 


1.4.6 As part of the manufacturer's works approval, consideration may be given to carrying out drop tests in alternative 
locations to the manufacturer’s when the facilities and location are not suitable. 


1.4.7 Repair of fractures or unsoundness detected during the drop or hammering tests are not permitted and the component 
is to be rejected. 
1.5 Forged steel anchors 


125% Forged steel anchor pins, swivels, shanks and shackles are to be manufactured and tested in accordance with the 
requirements of Ch 5, 1 General requirements and Ch 5, 2 Forgings for ship and other structural applications carbon and carbon- 
manganese steel for welded construction. Rolled steel bar may be used provided that the requirements of Ch 5, 1.2 Manufacture 
1.2.9 are met. 


1.5.2 Special consideration will be given to other grades of steel for the manufacture of swivels. 


1.6 Fabricated steel anchors 


1.6.1 Where it is proposed to use plate material for fabricated steel anchors, it is to comply with the requirements of Ch 3, 2 
Normal strength steels for ship and other structural applications or Ch 3, 3 Higher strength steels for ship and other structural 
applications, and the proposed manufacturing procedure is to be submitted for approval. 


1.6.2 Fabricated anchors are to be manufactured in accordance with Ch 13 Requirements for Welded Construction. 
1.6.3 Stress relief is to be carried out as required in the approved welding procedure. 

1.7 Rectification 

al All rectification is to be agreed with the Surveyor. 


Ve%2 Rectification of defective castings is to be carried out in accordance with Ch 4, 1.17 Rectification and dressing of 
castings. 


1.7.3 Rectification of defective forgings is to be carried out in accordance with Ch 5, 1.9 Rectification of defects. 
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1.7.4 Rectification of defective fabricated anchors is to be carried out by suitably qualified welders within the parameters of 
the approved welding procedure used in construction. 


Hey aio) Rectification of defective castings, forgings or fabricated anchors by welding is to be carried out using qualified weld 
procedures in accordance with Ch 12, 1 General qualification requirements and Ch 12, 2 Welding procedure qualification tests for 
steels, and in accordance with Ch 73, 1 General welding requirements and Ch 13, 2 Specific requirements for ship hull structure 
and machinery. 


1.8 Super high holding power (SHHP) anchors 


1.8.1 The impact test requirements for SHHP anchor shackles are to be in accordance with the requirements for Grade US in 
Table 10.2.1 Mechanical properties of finished chain cable and fittings. 


1.9 Assembly 
1.9.1 Assembly and fitting is to be carried out in accordance with the approved design. 


1.9.2 Securing of anchor pins, shackle pins or swivels by welding is to be carried out by suitably qualified welders in 
accordance with an approved welding procedure. 


1.10 Proof test of anchors 


1.10.1 Anchors are to be tested in the presence of the Surveyor at a proving establishment recognised by LR. A list of 
recognised proving establishments is published separately by LR. In addition to the requirements stated in this Chapter, attention 
must be given to any relevant statutory requirements of the National Authority of the country in which the ship or mobile offshore 
unit is to be registered. 


1.10.2 The anchor is to be visually examined before application of the proof test load to ensure that it is free from cracks, 
notches, inclusions and other surface defects that would impair the performance of the product. 


1.10.3 As required by Ch 10, 7.10 Proof test of anchors, each anchor is to be subjected to a proof loading test in an approved 
testing machine and is to withstand the load given in Table 10.1.1 Proof load tests for anchors (see Notes 71 and 2) for the 
appropriate mass of the anchor. The proof load is to be applied on the arm or on the palm at a spot which, measured from the 
extremity of the bill, is one-third of the distance between it and the centre of the crown. For stocked anchors, each arm is to be 
tested individually. For stockless anchors, both arms are to be tested at the same time, first on one side of the shank, then 
reversed and tested on the other. 


Table 10.1.1 Proof load tests for anchors (see Notes 1 and 2) 


Mass of anchor (Ch Mass of anchor (Ch Mass of anchor (Ch 
10, 1.10 Proof test of Proof test load 10, 1.10 Proof test of Proof test load 10, 1.10 Proof test of Proof test load 
anchors 1.10.5) anchors 1.10.5) anchors 1.10.5) 


kg kg kg 
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1010,0 


1040,0 
1070,0 
1090,0 


1110,0 


1130,0 


1160,0 


1180,0 


1210,0 


1230,0 
1260,0 
1280,0 


1300,0 


1330,0 
1360,0 


1390,0 


1410,0 


1440,0 


1470,0 


1490,0 


1520,0 


1570,0 
1620,0 


1670,0 


1720,0 


1770,0 
1800,0 
1850,0 


1900,0 


1940,0 


1990,0 
2030,0 


2070,0 


2160,0 


2250,0 
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1600 292,0 6800 2330,0 


1700 307,0 6900 2410,0 


1800 321,0 7000 2490,0 


1900 335,0 7200 2570,0 


2000 349,0 7400 2650,0 


2100 362,0 7600 2730,0 


Proof loads for intermediate mass are to be determined by linear interpolation 


Note 1. Where ordinary anchors have a mass exceeding 48 000 kg, the proof loads are to be taken as 2,059 (mass of anchor in kg)?/3 kN. 


Note 2. Where high holding power anchors have a mass exceeding 36 000 kg, the proof loads are to be taken as 2,452 (actual mass of anchor 
in kg)?/3 kN. 


1.10.4 The general arrangements for the test are to be such that the complete anchor, including the shackle, shackle pins and 
any welded or bolted connections are included in the test. If a replacement shackle is needed which requires welding or heating 
for fitting, the combined anchor and shackle are to be proof load tested. If welding or heating is not involved in fitting, the shackle 
may be proof load tested separately from the anchor. 


1.10.5 | The mass to be used in Table 10.1.7 Proof load tests for anchors (see Notes 1 and 2) is: 


a) For stockless anchors, the total mass of the anchor. 

b) For stocked anchors, the mass of the anchor excluding the stock. 

c) For high holding power anchors, a nominal mass equal to 1,33 times the actual total mass of the anchor. 

d) For mooring anchors, including positional mooring anchors, a nominal mass equal to 1,33 times the actual total mass of the 
anchor, unless specifically agreed otherwise. 

(e) For super high holding power anchors, a nominal mass equal to twice the actual total mass of the anchor. 


Fe 


1.10.6 — For positional mooring anchors, the proof test loading is to be that required by Ch 10, 1.10 Proof test of anchors 1.10.3 
or 50 per cent of the minimum break strength of the intended anchor line, whichever is the greater. 


1.10.7 The gauge length is to be measured with 10 per cent of the required load applied, before and after proof test. The two 
measurements shall differ by no more than 1 per cent. The gauge length is the distance between the tip of each fluke and a point 
on the shank adjacent to the shackle pin, see Figure 10.1.1 Location of gauge length measurement during proof load. 


Gauge length 


Stocked Anchor Stockless Anchor 


Figure 10.1.1 Location of gauge length measurement during proof load 


1.10.8 — After proof testing, all accessible surfaces are to be visually inspected by the Surveyor. 


1.10.9 Following proof testing, NDE is to be conducted as described in Table 10.1.2 NDE requirements following proof testing 
for Ordinary and HHP anchors for ordinary and HHP anchors and Table 70.1.3 NDE requirements following proof testing for SHHP 
anchors for SHHP anchors. 
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Table 10.1.2 NDE requirements following proof testing for Ordinary and HHP anchors 


Location Method of NDE 


Feeder heads, runners and risers of castings | Magnetic particle inspection and ultrasonic test, 
see Note 1 


All welds Magnetic particle inspecti 


Forged components Not required 


Fabrication welds Magnetic particle inspecti 


Note 1. See also Ch 10, 1.10 Proof test of anchors 1.10.10. 


Note 2. Penetrant testing is to be used in lieu of magnetic particle testing for stainless steel, 
aluminium and copper alloy anchors. 


Table 10.1.3 NDE requirements following proof testing for SHHP anchors 


Location Method of NDE 


Feeder heads, runners and risers of castings agnetic particle inspection and ultrasonic test, see Note 1 


All surfaces of castings agnetic particle inspection 


All welds agnetic particle inspection 


Forged components ot required 


Fabrication welds agnetic particle inspecti 


Note 1. See also Ch 10, 1.10 Proof test of anchors 1.10.10. 


Note 2. Additionally, all surfaces of all SHHP anchors are to be surface inspected by the magnetic particle or penetrant 
method as appropriate. 


Note 3. Penetrant is to be used in lieu of magnetic particle testing for stainless steel, aluminium and copper alloy anchors. 


1.10.10 Each casting is to be subjected to ultrasonic inspection in the region of runners and risers, or where excess material has 
been removed by thermal methods. This examination is to extend around the whole periphery of the casting and for a distance of 
t/3 beyond the area affected, where t is the maximum thickness. In addition, random areas are to be selected by the Surveyor and 
examined. 


1.10.11 Acceptance criteria for castings are to be in accordance with Ch 4 Steel Castings. 
1.10.12 Acceptance criteria for forgings are to be in accordance with Ch 5 Stee/ Forgings. 


1.10.13 Paint or anti-corrosive coatings are not to be applied until these inspections are completed to the satisfaction of the 
Surveyor. 


1.10.14 Oncompletion of the proof testing, anchors made in more than one piece are to be examined for free movement of their 
heads over the complete range of rotation. 
1.11 Clearances and tolerances 


1.44.1 Where no fitting tolerances are specified on the approved plans the following assembly and fitting tolerance are to be 
applied. 


1.11.2 | The clearance either side of the shank within the shackle jaws and the shackle pin in the shank end hole is to be no 
more than 3 mm for small anchors up to 3 tonnes, 4 mm for anchors up to 5 tonnes, 6 mm for anchors up to 7 tonnes and is not 
to exceed 12 mm for larger anchors. 


1.11.3 The shackle pin to hole tolerance is to be no more than 0,5 mm for pins up to 57 mm and 1,0 mm for pins of larger 
diameter and the eyes of the shackle are to be chamfered on the outside to ensure a good tightness when the pin is fitted. The 
shackle pin is to mate with the shackle such that it can be inserted with moderate hand pressure, allowing disassembly if required. 
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1.11.4 The trunnion pin is to fit within the chamber such that it will achieve the closest fit which can be carried out by hand. The 
pin is to be long enough to prevent horizontal movement. The gap is to be no more than 1 per cent of the chamber length. 


1.11.5 The lateral movement of the shank is not to exceed 3 degrees from the centreline datum, see Figure 10.1.2 Allowable 
lateral movement of shank. 


Figure 10.1.2 Allowable lateral movement of shank 


1.11.6 Unless otherwise agreed, the verification of mass and dimensions is the responsibility of the manufacturer. The Surveyor 
is only required to monitor this inspection. The mass of the anchor is to exclude the mass of the swivel, unless the swivel is in lieu 
of the conventional ‘D’ shackle. 


1.12 Identification 


1.12.4 The manufacturer is to adopt a system of identification, as per the requirements of Ch 7, 4.8 /dentification of materials, 
which will enable all anchor components to be traced to the original cast and the Surveyor is to be given full facilities for tracing the 
castings when required. 


1.12.2 Identification marks on the shank are to be approximately level with the fluke tips. On the fluke, these markings are to be 
approximately at a distance of two thirds from the tip of the bill to the centre line of the crown on the right hand fluke, looking from 
the crown towards the shank. 


1.12.3 The following details are to be shown on all anchors: 


a) LRor Lloyd's Register and abbreviated name of LR's local office issuing the certificate. 

b) Number of the certificate. 

Month and year of test. 

Mass (also the letters ‘HHP' when approved as high holding power anchors or ‘SHHP’ when approved as super high holding 
power anchors). 

(e) Mass of stock (in the case of stocked anchors). 

(f) | National Authority requirements, as applicable. 

(g) Manufacturer's mark. 
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1.12.4 — In addition to Ch 10, 1.12 Identification 1.12.3, each important part of an anchor is to be plainly marked by the maker 
with the words ‘forged steel’ or ‘cast steel’ as appropriate. Fabricated steel anchor heads do not require special marking. 


1.13 Certification 


1.13.1. | The manufacturer is to provide the Surveyor with a written statement that the anchor has been manufactured and tested 
in accordance with LR Rules together with the following particulars: 


a) Purchasers name and order number. 

b) Type of anchor and principal dimensions. 

. Mass of anchor. 

) Identification mark which will enable the full history of manufacture to be traced. 
. Chemical composition. 

f) Details of heat treatment. 

g) Mechanical test results. 

h) Proof load. 

Results of the non-destrucive examination. 

Weld location maps (cast steel anchors only). 


1.13.2 | Shanks, heads, pins, shackles and swivels are to be certified by LR in accordance with the relevant sections of 
Chapters Ch 3 Rolled Steel Plates, Strip, Sections and Bars, Ch 4 Steel Castings and Ch 5 Stee! Forgings. 


1.13.3. AnLR Anchor Certificate is to be issued for the completed anchor which will include the following particulars: 


a) Manufacturer's name. 
b) Type of anchor. 
. Mass of anchor. 
d) Grade of materials. 
e) Proof test load. 
f) Heat treatment. 
g) Marking applied to anchor. 
h) Dimensions. 
General Approval of an Anchor Design Certificate Number. 
Fluke and shank identification numbers. 


| Section 2 
Stud link chain cables for ships 


2.1 Scope 


2.1.1 Provision is made in this Section for a range of grades, U1, U2 and U8, of stud link chain and fittings intended for 
anchor cables for ships. 


2.1.2 The requirements for mooring chain cables are given in Ch 10, 3 Offshore Mooring chain cables. 


2.1.3 The design of chain cables and fittings is to be to a Standard recognised by LR, such as ISO 1704. 


2.2 Manufacture 


2.2.1 All grades of chain cable and accessories are to be manufactured by approved procedures at works approved by LR. A 
list of approved manufacturers of stud link chain cables and fittings is published separately by LR. 


2.2.2 The links may be made by the flash-butt or other approved welding process, or in the case of Grades U2 and U3 they 
may be flash-butt welded or drop forged, designated U2(a) or USi(a), or cast steel designated U2\(b) or US8\(b), see Table 10.2.5 
Number of breaking tests from completed cables. 


2.2.3 As far as practicable, consecutive links in all chain cable should originate from a single cast or batch of bar stock (see 
Ch 3, 9.6 Mechanical tests 9.6.17), and indicating marks should be stamped on the final link formed from one cast or batch and the 
first link formed from a separate cast or batch. 
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2.2.4 A length of chain cable is to measure not more than 27,5m and is to comprise an odd number of links. In this context, a 
length is a statutory term and is the basis for the number of test samples. 


2.2.5 Where end links or enlarged links are manufactured and heat treated as part of and at the same time as the chain cable 
and are of the same cast heat of steel, they may be excluded from separate mechanical tests and break load tests. 


2.3 Flash butt welded chain cable 


2.3.1 Bar material is to comply with the requirements of Ch 3, 9 Bars for welded chain cables and may be heated either by 
electrical resistance or in a furnace. For electrical resistance heating, the process is to be controlled by an optical heat sensor. For 
furnace heating, thermocouples in close proximity to the bars are to be used for control. The temperature is to be continuously 
recorded. In both cases, the controls are to be checked at least once every eight hours and checks are to be recorded. 


2.3.2 Mechanical properties testing of U1 cable is not required. For Grade U2 cable supplied in the as-welded condition, and 
Grade US in all conditions, one tensile and one set of three Charpy V-notch impact test specimens are to be taken at the side of a 
link opposite the weld from at least every fourth 27,5m length of cable. A further set of three impact test specimens is to be taken 
with the notch positioned at the centre of the weld, see Table 10.2.3 Condition of supply and scope of mechanical tests for 
finished chain cables and fittings. The test specimens are not to be selected from the same length as that from which the breaking 
test sample is taken, unless breaking test samples are to be taken from every length of the batch. All test samples are to be 
correctly identified with the lengths of cable represented. 


2.3.3 The test links from which the mechanical test specimens are prepared are to be made as part of the chain cable and are 
to be heat treated with it. They may be removed from the cable prior to heat treatment provided that each sample is heat treated 
with, and in the same manner as, the chain it represents prior to preparation of the mechanical test specimens. 


2.3.4 The results of tests on specimens taken from the non-welded areas are to comply with the appropriate requirements of 
Table 10.2.1 Mechanical properties of finished chain cable and fittings. The results of tests on the welds are to comply with the 
requirements of Table 10.2.6 Mechanical properties of welds in chain cables. 


2.4 Cast chain cables 

2.4.1 The manufacture of cast steel chain cable is generally to be in accordance with the requirements of Ch 4, 71 General 
requirements, as appropriate. 

2.4.2 The chemical composition of ladle samples is to comply with the specification approved by LR. 


2.4.3 Separately cast test samples are to be provided from each cast. They are to be of similar dimensions to the links they 
represent and are to be heat treated together with, and in the same manner as, the completed chain cable, see Table 10.2.3 
Condition of supply and scope of mechanical tests for finished chain cables and fittings. 


2.4.4 Tensile and Charpy V-notch impact test specimens are to be taken from each test sample and machined to the 
dimensions given in Ch 2, 3 Impact tests. 


2.4.5 The results of all tests are to comply with the requirements given in Table 10.2.1 Mechanical properties of finished chain 
cable and fittings for the relevant grade. 


2.5 Forged chain cables 

2.5.1 The procedure for the manufacture and testing of drop forgings for chain cable will be specially considered, but is 
generally to be in accordance with the appropriate requirements of Ch 5, 1 General requirements. 

2.5.2 The chemical composition is to comply with Table 10.2.2 Chemical composition of butt welded and forged chain cable. 
2.5.3 The completed forgings are to be heat treated in accordance with Table 10.2.3 Condition of supply and scope of 


mechanical tests for finished chain cables and fittings. 


2.5.4 Test samples are to be provided in the form of forgings of similar dimensions to the links they represent. These test 
samples are to be from the same steel-making heat and heat treated together with the links they represent. 


2.5.5 One tensile and three Charpy V-notch specimens are to be taken from each test sample. 


2.5.6 The results of mechanical tests are to comply with the requirements of Table 10.2.1 Mechanical properties of finished 
chain cable and fittings for the relevant grade. 
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Table 10.2.1 Mechanical properties of finished chain cable and fittings 


Charpy V-notch 
Yield stress Elongation on impact tests 
N/mm2 


Tensile strength 5,65 Bo % Reduction of area 


N/mm? % minimum ic Average energy 
ini a est temperature 

minimum minimum p ij 

RG 
minimum 


490 — 690 ) 27 


(see Note 1) 


690 minimum 0) 


-20 (see Note 2) 


Note 1. When required see Table 10.2.3 Condition of supply and scope of mechanical tests for finished chain cables and fittings. 
Note 2. Testing may be carried out at either O°C or -20°C. 


Note 3. Mechanical testing is not required for finished chain cables and fittings in Grade U1. 


Table 10.2.2 Chemical composition of butt welded and forged chain cable 


Chemical composition % 


Al N Cr 


0,02 
min. see 
Note 1 


0,065 
0,15 - max. 
0,55 : see 

Note 2 


Note 1. Aluminium may be partly replaced by other grain refining elements. 


Note 2. To obtain fine grain steel, at least one of these grain refining elements must be present in sufficient amount. 


Table 10.2.3 Condition of supply and scope of mechanical tests for finished chain cables and fittings 


Number of test specimens on every four lengths of 
chain cable of 27,5 m or less, or on each batch of 


; - fittings 
Manufacturing method Condition of supply 


Tensile test on base Charpy V-notch impact test 


materials Base material | Weldment 


As welded 
U1 cable Flash butt welded 


Normalised 


As welded 


U2 cable Flash butt welded 


Normalised 
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Normalised 
U3 cable Flash butt welded Normalised and Tempered 


Quenched and Tempered 


U2 cable orged Normalised 


Normalised 
U3 cable or drop forged Normalised and Tempered 


Quenched and Tempered 


U2 fittings orged Normalised 


Normalised 


U3 fittings Normalised and Tempered 


Quenched and Tempered 


2.6 Stud material 

2.6.1 Steel studs are to be used for all grades of welded chain cable. In general, the carbon content should not exceed 0,23 
per cent but mechanical tests for acceptance purposes are not required. 

2.7 Welding of studs 

2.7.1 Where studs are welded into the links this is to be completed before the chain cable is heat treated. 


2.7.2 The stud ends must be a good fit inside the link, and the weld is to be confined to the stud end opposite the flash-butt 
weld. Welding of studs both ends is not permitted unless specially approved. The full periphery of the stud end is to be welded. If, 
however, it can be demonstrated to the Surveyor that the quality of welding is of a high standard then partial peripheral welding 
may be accepted provided that welds are made only at the sides of the stud and that each run extends continuously for at least 
25 per cent of the stud periphery. Weld start/stop positions are not to be located in the plane of the chain cable. 


2.7.3 The welds are to be made by qualified welders using an approved procedure and consumables approved to Grade 3 
and low hydrogen, in accordance with Ch 17 Approval of Welding Consumables. 


2.7.4 The welds are to be of good quality and free from defects liable to impair the proper use of the chain. Undercuts, end 
craters and similar stress raising defects shall, where necessary, be ground off. 


2.7.5 All stud welds are to be visually inspected. At least one stud weld within each length of cable is to be inspected using 
magnetic particle inspection or dye penetrant testing in accordance with Ch 7, 5 Non-destructive examination after the chain has 
been proof loaded. If a crack is found, the stud welds in the adjoining links are to be inspected; if a crack is found in either link, all 
the stud welds in that length are to be inspected using magnetic particle inspection or dye penetrant testing. 


2.8 Heat treatment of completed chain cables 


2.8.1 The completed chain cable is to be heat treated in accordance with Table 10.2.3 Condition of supply and scope of 
mechanical tests for finished chain cables and fittings for the appropriate grade of cable. 


2.8.2 Special consideration will be given to the heat treatment of certain types of drop forged chain cable. 
2.8.3 In all cases, heat treatment is to be carried out prior to the proof loading and breaking tests. 


2.8.4 All test samples are to be heat treated with, and in the same way as, the chain cables they represent. 


2.9 Testing of completed chain cables 


2.9.1 All chain cables are to be subjected to a Proof Load test and a Breaking Load test. In addition, mechanical tests should 
be carried out where required, see Table 10.2.3 Condition of supply and scope of mechanical tests for finished chain cables and 
fittings. 


2.9.2 All chain cables are to be tested in the presence of a Surveyor, at a proving establishment recognised by LR. A list of 
recognised proving establishments is published separately by LR. In addition to the requirements stated in this Chapter, attention 
must be given to any relevant statutory requirements of the National Authority of the country in which the ship is to be registered. 
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2.10 Proof load tests 


2.10.1 Each length of chain cable is to be subjected to a proof loading test in an approved testing machine and is to withstand 
the load given in Table 10.2.4 Test loads for stud link anchor chain cables for the appropriate grade and size of cable. 


Table 10.2.4 Test loads for stud link anchor chain cables 


Chain diameter Grade U1 Grade U2 Grade U3 
dmm 


Proof load KN Breaking load KN Proof load KN Breaking load kN Proof load KN Breaking load KN 
0,00686d 2 (44— 0,00981d 2 0,00981d 2 0,01373d 2 0,01373d 2 0,01961d 2 
0,08a) (44— 0,08a) (44— 0,08a) (44— 0,08a) (44- 0,08a) (44— 0,08a) 


46 66 66 92 92 132 
58 82 82 115 115 165 
75 214 
89 256 


105 301 


122 349 
140 401 


166 475 


194 556 


642 


134 
832 
936 
1045 


1160 


1280 
1406 
1537 


1673 


1814 


1961 
2113 
2269 
2430 


2597 


2767 


2943 


3123 


3308 
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2.10.2 | Oncompletion of the test, each link is to be visually examined and is to be free from significant defects. Special attention 
is to be given to welds. 


2.10.3 Should any link be found to be defective it is to be replaced by an approved connecting link (joining shackle or 
substitute link as detailed in Ch 10, 2.14 Substitute single links). The chain is then to be subjected to a repeat of the proof load test 
followed by re-examination. 
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2.10.4 — If alink breaks during proof load testing, a sample consisting of three common links is to be taken from each side of the 
broken link and subjected to a breaking test as detailed in Ch 10, 2.12 Breaking load tests. If either of these samples fails, the 
length of cable is not to be accepted. A thorough examination of all broken links is to be made to determine the cause of failure 
and, after evaluation, LR will consider the extent of cable which is to be rejected. 


2.11 Dimensional inspection 


2.11.1 The measurement of dimensions in Ch 10, 2.117 Dimensional inspection 2.11.2 and Ch 10, 2.11 Dimensional inspection 
2.11.3 is to take place after the proof load has been applied to the chain and subsequently reduced to the load of 10 per cent of 
the proof load. All other dimensional checks are to be carried out without application of load. 


2.11.2 On every 27,5 m length of chain, five links are to be selected for measurement of length to ensure that the maximum 
allowable tolerance on a length of five links is plus 2,5 per cent. No under-tolerance is permitted. 


2.11.3 If a five-link length of chain exceeds the tolerance given in Ch 70, 2.11 Dimensional inspection 2.11.2, then the entire 
chain is to be checked for length, five links at a time with an overlap of two links, which is to include the first five links. Oversize 
links are to be removed and an approved connecting link inserted. 


2.11.4 | Checks of all other dimensions are to be made on three links from every four 27,5 m lengths. All measurements are to 
be made on links selected by the Surveyor and are to be carried out to the Surveyor’s satisfaction. 


2.11.5 If one of the links detailed in Ch 10, 2.11 Dimensional inspection 2.11.4 fails to comply with the required tolerances, 
measurements are to be made on all four 27,5 m lengths. 


2.11.6 If more than one link in a 27,5 m length of chain cable fails to meet the tolerance requirements, all the links in that length 
are to be measured. 


2.11.7 Links that fail to comply with tolerance requirements are to be removed and approved connecting links inserted. Where 
a significant number of links fail to comply with the tolerance requirements the chain is to be rejected. 


2.11.8 | The form and proportion of links and shackles are to be in accordance with a standard recognised by LR, such as ISO 
1704, see Figure 10.2.2 Common link to Figure 10.2.9 Lugless shackle of the Kenter type; alternatively, the design may be 
specifically approved by LR. 


2.11.9 | Manufacturing tolerances on stud link chain are to be within +2,5 per cent (taking into account that all components of 
the chain are to be a good fit with one another), except for those detailed in Ch 10, 2.11 Dimensional inspection 2.11.10. 


2.11.10 The nominal diameter, d, is to be the average of the diameters, measured in the plane of the link, d ., and perpendicular 
to the plane of the link, d p, see Figure 10.2.2 Common link. The negative tolerance on the nominal diameter is not to exceed the 
following: 


(a) Minus 1 mm when d < 40 mm 

(bo) Minus 2 mm when 40 mm < d < 84mm 
(c) Minus 8mm when 84 mm <d< 122 mm 
(d) Minus 4mm when d > 122 mm 


For diameters of 20mm or greater, the plus tolerance on the diameter at the crown measured perpendicular to the plane of the 
link, d p, is not to exceed 5 per cent. For diameters less than 20mm, the plus tolerance is to be agreed between the chain 
manufacturer and bar material supplier. 


2.11.11 The cross-sectional area is to be calculated using the nominal diameter, d. The cross-sectional area at the crown of the 
link is to have no negative tolerance. 


2.11.12 The diameter measured at locations other than the crown is to have no negative tolerance. For diameters of 20mm or 
greater, the plus tolerance may be up to 5 percent of the nominal diameter except at the butt weld where it is to be in accordance 
with the manufacturer’s specification, which is to be agreed by LR. For diameters less than 20mm, the plus tolerance is to be 
agreed between the chain manufacturer and bar material supplier. 


2.11.13 Studs must be located in the links centrally and at right angles to the sides of the link, although the studs at each end of 
any length may also be located off-centre to facilitate the insertion of the joining shackle. The following tolerances in Figure 10.2.1 
Manufacturing tolerances will be accepted provided that the stud fits snugly and its ends lie practically flush against the inside of 
the link: 


(a) Maximum off-centre distance ‘X’: 10 per cent of the nominal diameter 
(b) Maximum deviation ‘a’ from the 90° — position: 4°. 
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Figure 10.2.1 Manufacturing tolerances 


2.11.14 All individual parts must have a clean surface consistent with the method of manufacture and the surface is to be free 
from cracks, notches, inclusions and other defects which could impair the performance of the product. Crack-like imperfections 
less than 3 mm in length can be ignored. The flash produced by upsetting or drop forging must be properly removed. 


2.11.15 Minor surface imperfections may be ground off so as to leave a gentle transition to the surrounding surface provided 
that the cross-sectional area remains equal to or greater than the nominal cross-sectional area. Remote from the crown, local 
grinding up to 5 per cent of the nominal diameter may be permitted. 


2.11.16 Paint or anti-corrosive coatings are not to be applied until these inspections are completed to the satisfaction of the 
Surveyor. 


2.12 Breaking load tests 


2.12.1 Breaking load tests are to be carried out on three-link samples selected by the Surveyor from the completed (including 
heat treatment) chain. The test links may be removed from the chain prior to heat treatment provided that each sample is heat 
treated with, and in the same manner as the chain it represents. They are to be properly identified with the lengths of chain they 
represent. 


2.12.2 |The number of tests required is to be in accordance with Table 10.2.5 Number of breaking tests from completed cables 
except that for chafing chain for Emergency Towing Arrangements (ETA), see Pt 3, Ch 13, 12.2 Chafing chain and wire or fibre 
rope for Emergency Towing Arrangements, one test is to be carried out on each 110 m of finished chains. 


2.12.3 Breaking test specimens are to withstand the load given in Table 10.2.4 Test loads for stud link anchor chain cables for 
the appropriate grade and size of cable. The specimen is considered to have passed this test if it has shown no sign of fracture 
after application of the required load for a minimum of 30 seconds. 


Table 10.2.5 Number of breaking tests from completed cables 


Designation Method of manufacture Number of breaking test specimens 


Grade U4 Flash-butt welded and heat treated One from every four lengths of 27,5 m or less 


Grade U2(a) Flash-butt welded, or drop forged and One from every four lengths of 27,5 m or less 
heat treated 


U3(a) 
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Flash-butt welded but not heat treated One from each length of 27,5 m or less 


Cast and heat treated One per heat treatment batch with a minimum 
of one from every four lengths of 27,5 m or 
less 


Table 10.2.6 Mechanical properties of welds in chain cables 


Charpy V-notch impact test 


Test temperature 


°C Average energy J min 


O (see Note 1) 
) 


—20 (see Note 2) 


Note 1. Impact tests are only required if the chain cable is not heat treated. 


Note 2. Impact testing may be carried out at O°C or minus 20°C. 


2.12.4 Where a breaking test specimen fails, a further specimen is to be cut from the same length of cable and subjected to 
test. If this re-test fails, the length of cable from which it was taken is to be rejected. When this test is also representative of other 
lengths, each of the remaining lengths is to be individually tested by taking a breaking test specimen from each length of the 
batch. If one of these further tests fails, the entire set of lengths represented by the original test is to be rejected. 


2.12.5 For large diameter cables where the required breaking load is greater than the capacity of the testing machines, special 
consideration will be given to acceptance of an alternative testing procedure. 
2.13 Fittings for chain cables 


2.13.1 Cable fittings are to be manufactured at an approved works. 


2.13.2 The materials from which the fittings are made are to be manufactured at approved works, in accordance with the 
appropriate requirements of Ch 4, 1 General requirements or Ch 5, 1 General requirements respectively. Alternative arrangements 
may be agreed provided that full details concerning the manufacturer are submitted to LR. 


2.13.3 All fittings are to be manufactured to an approved manufacturing specification, and provision is to be made for tensile 
specimens and, where applicable, impact test soecimens, see Table 10.2.3 Condition of supply and scope of mechanical tests for 
finished chain cables and fittings. The mechanical test requirements are the same as those for the relevant grade of chain cable, 
see Table 10.2.1 Mechanical properties of finished chain cable and fittings. 


2.13.4 The test samples are to be prepared in accordance with Ch 10, 2.4 Cast chain cables 2.4.3 or Ch 10, 2.5 Forged chain 
cables 2.5.4 as applicable. The test specimens are to be subjected to heat treatment with the fittings they represent. 


2.13.5 For mechanical testing, a batch is defined as fittings of the same grade, size and heat treatment furnace load and is to 
have originated from a single cast heat of steel. 


2.13.6 | Mechanical tests of pins are to be taken in accordance with Ch 10, 4.6 Mechanical tests 4.6.7. 


2.13.7 Fittings such as shackles, swivels and swivel shackles are to be forged or cast in steel of at least Grade U2. The welded 
construction of fittings may also be approved providing that full details of the manufacturing process and the heat treatment are 
submitted. 


2.13.8 All chain cable accessories, including spares, are to be subjected to the proof loads appropriate to the grade and size of 
cable for which they are intended. These include shackles, swivels, swivel shackles, enlarged links and end links. Anchor shackles, 
however, are to be tested in combination with the anchor. 


2.13.9 | The appropriate breaking load is to be applied for a minimum of 30 seconds to at least one item out of every batch of 
up to 25 detachable links, shackles, swivels, swivel shackles, enlarged end links and end links and at least one item out of every 
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batch of up to 50 for lugless (Kenter) shackles. The item tested is to be destroyed and not used as part of an outfit. For the 
purposes of break load testing, a batch of accessories is to consist of: 


(a) the same accessory type, grade and size; 


(b) the same rolling or forging or casting process; and 

(c) accessories that are heat treated together in the same furnace. 

2.13.10 Where a break load batch as defined in Ch 70, 2.13 Fittings for chain cables 2.13.9 requires a normalise or normalise 
and temper heat treatment, the size of accessories may vary within a batch provided that the heat treatment cycle is chosen to 


satisfy the accessory with the largest cross-section size. The batch may consist of more than one steel-making heat provided that 
the two accessories are break tested, one with the largest crosssection size and one with the smallest cross-section size. 


2.13.11 Where a break load batch as defined in Ch 10, 2.13 Fittings for chain cables 2.13.9 requires a quench and temper heat 
treatment, the size of the accessories within the batch is to be the same and is limited to the same steel-making heat. 


2.13.12 If the sample fails to withstand the breaking load without fracture, two more samples from the same batch may be 
tested. If either of these samples fails, the batch is to be rejected. 


2.13.13 Fittings of increased dimensions or higher grade material may be used subject to approval by LR. 


2.13.14 Where items of increased dimensions are used or if material of a higher grade than is specified is used, the breaking 
load is to be applied to each item, and the items so tested included with the outfit. For the purpose of this paragraph, items of 
increased dimensions are those so designed that their breaking strength is not less than 1,4 times the Rule minimum breaking 
oad of the chain cable with which they are to be used. 


2.13.15 LR may waive the breaking load test provided that: 


a) the breaking load test has been completed satisfactorily during approval testing, and 
b) the tensile and impact properties of each manufacturing batch are proved and 
c) the accessories are subjected to suitable non-destructive testing. 


2.13.16 All testing is to be carried out in the presence of the Surveyor and to his satisfaction. 
2.13.17 The following tolerances are applicable to accessories: 


(a) Nominal diameter: plus 5 per cent, minus O per cent 
(b) Other dimensions: +2,5 per cent 
(c) The radii of all machined corners are to be not less than 0,03 times the nominal chain diameter 


2.13.18 All fittings are to be stamped in accordance with Ch 10, 2.15 Identification. 


2.14 Substitute single links 


2.14.1 Single links to connect lengths of chain cable or to substitute for defective links, without the necessity for re-heat 
treatment of the whole cable length, are to be made by the chain manufacturer in accordance with an approved procedure. 
Separate approvals are required for each grade of chain cable and the tests are to be made on the maximum size of chain for 
which approval is sought. Re-approval is required annually. 


2.14.2 Manufacture and heat treatment of the substitute link are not to affect the strength of the adjoining links. The 
temperature reached by these links is nowhere to exceed 250°C. 


2.14.3 The steel bar used is to conform with the specification for the chain in accordance with Ch 3, 9 Bars for welded chain 
cables. 


2.14.4 Details of the method of manufacture, including heat treatment, are to be submitted for approval, together with the 
results of a series of tests laid down by LR. 


2.14.5 All links involved in the approval tests are to be destroyed and are not to be used as part of a chain cable. 


2.14.6 Every substitute link included in a chain cable is to be subjected to the proof load appropriate to the grade and size of 
chain in which it is incorporated, as detailed in Table 10.2.6 Mechanical properties of welds in chain cables. 


2.14.7. Each substitute link is to be stamped on the stud with the identification marks listed in Ch 10, 2.15 Identification 2.15.1 
plus a unique number for the link. The adjoining links are also to be stamped on the studs. 


2.15 Identification 
2.15.1. Alllengths of Grades U1, U2 and U3 cable and all fittings are to be stamped with the following identification marks: 
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a) LRor Lloyd's Register and abbreviated name of LR's local office issuing the certificate. 
b) Number of certificate. 

) Proof load and grade of chain. 
d) Surveyor’s personal stamp. 

) Each length of chain cable is to be stamped on both ends. 


2.16 Certification 
2.16.1 An LR certificate is to be issued for chain cable only, fittings only or chain cable with associated fittings. 
2.16.2 Each test certificate is to include the following particulars for all items included on the certificate: 


a) Manufacturer’s name. 
b) Purchaser's name and order number. 
. Description and dimensions. 
d) Grade of chain cable. 
) Identification mark which will enable the full history of the chain or fitting to be traced. 
f) | Chemical composition. 
g) Details of heat treatment. 
h) Mechanical test results. 
) Breaking test load. 
(i) Proof load. 


2.16.3. Where appropriate, the certificate is to include a list of all substitute links together with their grade of steel, the name of 
the steelmaker, the heat number and the purchase order number. 


1,3d, 


dg + “J 
2 

nominal diameter at crown measured in plane of link 
nominal diameter at crown measured perpendicular to 
plane of link 

6d. 

4d 

3,6d, to the nearest millimetre 


nominal ciareter( 


Figure 10.2.2 Common link 
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= nominal diameter of common stud link 
nominal diameter of enlarged stud link = 1,1d 
6d ~ 6,6d 
4d, ~4,4d 

= 3,6d4 ~ 3,96d 


Figure 10.2.3 Enlarged link 


= nominal diameter of common stud li 
nominal diameter of end link = 1,2d 
Pot 2d5 = 6,75d to 7d 
3,650 = 4,35d 
3,3do = 4d 


Figure 10.2.4 End link 
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Detail X 


Detail Y 


Detail Y 
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Figure 10.2.5 Dee shackle 
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Detail X 


Detail Y 


Detail Y 


Key 
1 retaining pin 
2 dovetail chamber 


3,1d 

0,2d 

0,1d 

1,4d 

nominal diameter of taper pin 
nominal length of taper pin 


nominal diameter of common stud link 
nominal diameter of end shackle = 1,4d 
8,7d 

Is, — (d5+ ao + €9) = 4,50 

5,2d 

0,9d 
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Figure 10.2.6 End shackle 
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Detail Y 


CA 
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Key 
Detail X 


dovetail chamber for retaining pellet 


nominal diameter of common stud link 

nominal diameter of Kenter type joining shackle = d 
6d 
4d 
4,2d 
nominal diameter of taper pin 
nominal length of taper pin 
1,52d 

0,67d 

1,83d 


Figure 10.2.7 Lugless shackle 
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nominal diameter of common stud link 
nominal diameter of swivel = 1,2d 
9,7d 

dg = 3,40 

4,7d 

1,1d 

1,75d 

2d 

dg = 1,4d 

3,35d 


Figure 10.2.8 Swivel 
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The radii indicated by r are to be not less than 0,03 x dy 


Figure 10.2.9 Lugless shackle of the Kenter type 


a Section 3 
Offshore Mooring chain cables 


3.1 Scope 


3.1.1 Provision is made in this Section for five grades, R38, R38S, R4, R4S and R86, of stud link chain and studless flash butt 
welded chain cable intended for offshore mooring applications such as mooring of mobile offshore units, mooring of floating 
production units, offshore loading systems and gravity based structures during fabrication. Special consideration will be given to 
the use of grades outside the existing scope. 


3.1.2 Design of stud link chain cables must be to a recognised Standard, such as ISO 1704. For studless chain the shape 
and dimensions are to comply with the requirements of this Section. Non-Standard designs of chain are to be subject to special 
consideration, and may require a fatigue analysis and tests to confirm relevant performance. 


3.1.3 In addition, chain cable conforming to the requirements of the current edition of API specification 2F is acceptable 
provided that it has been manufactured, inspected and tested under survey by LR, and that the bar stock has also been certified 
by LR in accordance with Ch 3, 9 Bars for welded chain cables. 


3.1.4 The studless link chain is generally expected to be deployed only once, being intended for long-term mooring 
applications with a pre-determined service life. 
3.2 Manufacture 


3.2.4 All grades of chain cable and fittings are to be manufactured by approved procedures at works approved by LR. A list of 
approved manufacturers for offshore mooring chain cables is published separately by LR. 


3.2.2 Approval is confined to a single works and is limited to one grade of cable made from bar from a nominated and 
approved supplier. Separate approvals are required if steel bar is supplied from more than one works and for other grades of 
cable, see also Ch 3, 9 Bars for welded chain cables. 
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3.2.3 Details of the method of manufacture and the specification of the steel, are to be submitted. 
3.2.4 Offshore mooring chains are to be made in continuous lengths by flash-butt welding. 


3.2.5 Bar material may be heated by electric resistance, induction or in a furnace. For electrical resistance heating or induction 
heating, the process is to be controlled by an optical heat sensor. For furnace heating, thermocouples in close proximity to the 
bars are to be used for control and the temperature is to be continuously recorded. In both cases, the controls are to be checked 
at least once every eight hours and records taken. 


3.2.6 The following welding parameters (as approved in the weld procedure) are to be controlled during welding of each link: 
(a) platen motion; 

(b) current as a function of time; and 

(c) hydraulic pressure. 

The controls are to be checked at least once every four hours and records taken. 


3.2.7 The records of bar heating, flash-butt welding and heat treatment are to be made available to the Surveyor when 
required. 


3.2.8 As far as practicable, consecutive links in all chain cable should originate from a single batch of bar stock (see Ch 3, 9.6 
Mechanical tests 9.6.1) and indicating marks should be stamped on the final link formed from one batch and the first link formed 
from a separate batch. 


3.3 Studs 


3.3.1 The studs are to be made of steel corresponding to that of the chain or in compliance with a specification approved by 
LR. In general, the carbon content should not exceed 0,23 per cent if the studs are to be welded in place. 


3.3.2 Studs may be welded into grade R38 and R&S chains. The welding of studs into grade R4, R4S and Rd chain is not 
permitted unless specially approved. 


3.3.3 In all cases where studs are welded into links, this is to be carried out in accordance with Ch 70, 2.7 Welding of studs. 
The visual and NDE inspection of the stud welds is to be carried out in accordance with Ch 10, 3.6 Proof load tests and non- 
destructive examination. 


3.3.4 The size of the stud welds is to be in accordance with Figure 10.3.1 Dimensions and tolerances of stud welds. 


“A 


yor 


\ 


V4 
hf” 


Dimension Nominal Minus 
Designation Dimension Tolerance 


f 0,100 0,01d 
g 0,200 0,02d 
h 0,09d 0,01d 


d = Nominal diameter of barstock 
3450/02 


Figure 10.3.1 Dimensions and tolerances of stud welds 
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3.3.5 Where plastic straining is used to set studs, the applied load is not to be greater than that qualified in approval tests. 
The combined effect of shape and depth of the impression of the stud in the link is not to cause any harmful notch effect or stress 
concentration. 


3.4 Heat treatment of completed chain cables 

3.4.1 The chain is to be normalised, normalised and tempered or quenched and tempered in accordance with the 
specification approved by LR. 

3.4.2 The chains are to be heat treated in a continuous furnace; batch heat treatment is not permitted unless specially 
approved. 

3.4.3 The temperature and time, or temperature and chain speed, are to be controlled and continuously recorded. 


3.4.4 Heat treatment is to be carried out prior to the proof loading, breaking tests and sample mechanical tests. 


3.4.5 The heat treatment furnace is to be properly constructed, efficiently maintained and has adequate means of temperature 
control. Calibration of furnaces is to be verified by measurement and recording of a calibration test piece with dimensions 
equivalent to the maximum size of link manufactured. 


3.5 Testing of completed chain cables 


3.5.1 All chain cables are to be subjected to proof load tests, non-destructive examination, sample break load tests and 
sample mechanical tests after final heat treatment in the presence of a Surveyor. In addition to the requirements stated in this 
Chapter, attention must be given to any relevant statutory requirements of the National Authority of the country in which the ship is 
to be registered. 


3.5.2 The chain is to be shot or sand-blasted prior to testing in order to ensure that its surfaces are free from scale, paint or 
other coating for inspection and have a suitably prepared surface in accordance with the NDE standard applied. 


3.5.3 All non-destructive examination is to be carried out in accordance with approved procedures, in accordance with Ch 7, 
5 Non-destructive examination. 
3.6 Proof load tests and non-destructive examination 


3.6.1 The entire length of chain cable is to be subjected to a proof loading test at a Proving Establishment recognised by LR. 
A list of recognised Proving Establishments is published in the Class Direct section of LR’s website, http:/Awww.lrorg. The chain 
cable is to withstand the load given inCh 10, 3.6 Proof load tests and non-destructive examination 3.6.1 for the appropriate grade 
and size of cable. 


Table 10.3.1 Test loads for mooring chain cables 


Nomin Grade R83 Grade R8S Grade R4 Grade R4S Grade RS 
al 
diamet 
erd Stud | Studle Stud | Studle Stud | Studle Stud | Studle Stud | Studle 
link ss link ss link ss link ss link ss 
chain | chain chain | chain chain | chain chain | chain chain | chain 


Proof test load Proof test load Proof test load Proof test load Proof test load 


kN kN kN kN kN kN kN kN kN kN 
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182 | 14483 


187 | 15029 


192 | 15626 


197 | 16220 


202 | 16813 


207 | 17401 


210 | 17753 


Grade R3 


Proof test load Stud link chain 0,0148d 2 (44 — 0,08d) 


Studless chain 0,0148d2 (44 — 0,08q) 


Break test load 0,0223d2 (44 — 0,08) 


Grade R38S 
Proof test load Stud link chain 0.0180d 2 
Studless chain 0,0174d 2 


Break test load 0,0249d 2 


Grade R4 
Proof test load Studlink chain 0,0216d 2 
Studless chain 0,0192d 2 


Break test load 0,0274d 2 


Grade R4S 

Proof test load Stud link chain 0,0240d 2 
Studless chain 0,0213d ? 

Break test load 0,0304d 2 

Grade R5 

Prooftest load Stud link chain 0,0251d 2 


Studless chain 0,0223d 2 


Break test load 0,0320d 2 


3.6.2 Care should be taken to obtain a uniform stress distribution in the links being tested. 


3.6.3 On completion of the proof load test, each link is to be visually examined and is to be free from significant defects such 
as mill defects, surface cracks, dents and cuts, especially where gripped by clamping dies during flash butt welding. Studs are to 
be securely fastened and any burrs, irregularities and rough edges are to be removed by careful grinding. In order to ensure 
adequate inspection, the chain is to be positioned to facilitate access to all surfaces. 


3.6.4 All flash butt welds, including the area gripped by the clamping dies on every link, plus 10 per cent of links on all 
accessible surfaces, are to be examined by magnetic particle inspection in accordance with standards recognized by LR, using 
wet continuous fluorescent magnetization technique. Non-fluorescent techniques can be accepted in special cases where the 
standard inspection procedures are impractical. The inspected area is to be free from cracks, lack of fusion, gross porosity, and 
any imperfections with the following maximum allowable dimensions: 


° relevant linear indications exceeding 1,6 mm in transverse direction; 
e — relevant linear indications exceeding 3,2 mm in longitudinal direction; 
e — relevant non-linear indications exceeding 4,8 mm. 
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3.6.5 Surface defects in the region of the flash butt welds may be removed by grinding, provided that the depth of grinding 
does not exceed five per cent of the link diameter and is smoothly contoured into the surrounding material. The final dimensions 
are still to conform with the agreed standard. 


3.6.6 All flash butt welds on every link are also to be examined by ultrasonic testing in accordance with standards recognised 
by LR using appropriate scanning techniques designed to detect all expected defects, including any defects within the relevant 
fusion zones. The flash butt weld must be free from defects causing ultrasonic back reflections equal to or greater than the 
calibration standard. The single probe technique has limitations as far as testing of the central region is concerned and the flash 
butt weld imperfections such as flat spots may have poor reflectivity. Where it is deemed necessary, detectability of imperfections 
may need to be carried out by using a tandem technique, TOFD (Time-of-flight diffraction) or PAUT (phased array ultrasonic 
testing). 


3.6.7 Stud welds, if used, are to be visually inspected. The toes of the fillets are to have a smooth transition to the link with no 
undercuts exceeding 1,0 mm. In addition, at least 10 per cent of the stud welds distributed through the length is to be magnetic 
particle or dye penetrant tested in accordance with standards recognised by LR. Cracks, lack of fusion or gross porosity are not 
acceptable. If defects are found, testing is to be extended to all stud welds in that length of chain. 


3.6.8 If a link breaks during proof load testing, a sample consisting of three common links is to be taken from each side of the 
broken link and subjected to a breaking test as detailed in Ch 10, 3.8 Breaking load tests 3.8.1 and Ch 10, 3.8 Breaking load tests 
3.8.2. If either of these samples fails, the proof loaded length of cable is not to be accepted. 


3.6.9 In the event that two or more links break during the proof load testing, the proof loaded length is to be rejected. 


3.6.10 In all cases when a link breaks during the proof load testing, a thorough examination of all broken links is to be made to 
determine the cause of failure and, after evaluation, LR will consider the extent of cable which is to be rejected and also the 
possibility that similar factors to those which caused the failure may also be present in other parts of the cable, or other chain 
cables, i.e.: 


e Where multiple chains are produced simultaneously, it is recognised that the preceding flash butt welded link and subsequent 
flash butt welded link will be on an alternative chain length or the other end of the chain length. In such cases, LR may require 
that two additional break tests are to be taken from the lengths of chain that include the preceding and subsequent welded 
links. 

e If the investigation identifies defects in the flash butt weld or a lower strength flash butt weld is found, additional NDE is to be 
carried out to identify if other links are affected. A full assessment of the flash butt welding machine it to be carried out, 
together with assessment of the condition of the bar ends prior to welding. 

e The Surveyor is to be advised in advance of all examinations, with reasonable notice being given. 


3.7 Dimensional inspection 


3.7.1 After proof testing, the entire chain is to be checked for length, five links at a time with an overlap of two links, which is 
to include the first five links, to ensure that the chain meets the tolerances given in Ch 10, 3.7 Dimensional inspection 3.7.3. The 
measurements are to be made while the chain is loaded to about 5-10 per cent of the minimum proof load. 


3.7.2 The links held in the end blocks may be excluded from these measurements. 


3.7.3 The maximum allowable tolerance on a length of five links measured in accordance with Ch 10, 3.7 Dimensional 
inspection 3.7.1 is +2,5 per cent. No under-tolerance is permitted. 


3.7.4 If the length over five links is less than the nominal, the chain may be stretched by loading above the specified proof test 
load provided that the applied load is not greater than ten per cent above the proof test load, and that only random lengths of the 
chain need to be stretched. 


3.7.5 Checks of all other dimensions are to be made on at least five per cent of the links in the cable. 


3.7.6 A manufacturing tolerance on all other dimensions of +2,5 per cent is acceptable subject to all parts fitting properly 
together. 


S.F.7 The form and proportions of links are to be in accordance with ISO1704, see Figure 10.2.2 Common link. Link 
tolerances are to be in accordance with Ch 10, 3.7 Dimensional inspection 3.7.4 to Ch 10, 3.7 Dimensional inspection 3.7.10. 


The negative tolerance on the nominal diameter measured at the crown is not to exceed the following: 


Minus 1 mm when d, < 40 mm 
Minus 2 mm when 40 mm < d, < 84 mm 
Minus 3 mm when 84 mm < d, < 122 mm 
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Minus 4 mm when 122 mm < de < 152 mm 
Minus 6 mm when 152 mm < d, < 184mm 
Minus 7,5 mm when 184 mm < d, < 222 mm 


For diameters of 20 mm or greater, the plus tolerance on the diameter at the crown measured perpendicular to the plane of the 
link, dp, is not to exceed 5 per cent. For diameters less than 20 mm, the plus tolerance is to be agreed between the chain 
manufacturer and bar material supplier. 


3.7.8 The cross-sectional area at the crown is to be calculated using the average of the measured diameters, which are to be 
taken from at least two locations approximately 90 degrees apart. The cross-sectional area at the crown is to have no negative 
tolerance. 


3.7.9 The diameter measured at locations other than the crown is to have no negative tolerance. For diameters of 20 mm or 
greater, the plus tolerance may be up to 5 per cent of the nominal diameter except at the butt weld where it is to be in accordance 
with the manufacturer’s specification, which is to be agreed by LR. For diameters less than 20 mm, the plus tolerance is to be 
agreed between the chain manufacturer and bar material supplier. 


3.7.10 If any link fails to meet the above dimensional tolerance requirements, measurements are to be made on 20 more links 
on each side of the incorrect one. If failure to meet any particular dimensional requirements occurs in more than two of the 
measured links, then all the links are to be dimensionally checked. 


3.7.11. Should any link be found to be defective or fail to meet the dimensional tolerance requirements or if a five link length of 
chain exceeds the specified tolerance, the unsatisfactory links are to be removed from the chain and connecting common links 
complying with the requirements of Ch 70, 3.10 Connecting common links or substitute links inserted in their places. Proposals for 
other methods of repair must be subject to approval by LR and the purchaser. Weld repair of chain is not permitted. 


3.7.12 The tolerances for common links are to be measured in accordance with Table 10.3.2 Stud link chain cable common link 
tolerances and Table 10.3.3 Studless link chain cable common link tolerances. 


3.7.13 The chain is then to be subjected to a further proof load test and re-examined. 


3.7.14 | The number of connecting common links which may be used to replace defective links is not to exceed three in any 
100m length of chain. The number and type of joining shackles which may be used are to be subject to the written agreement of 
the end user. 


3.7.15 — All measurements are to be made on links selected by the Surveyor and are to be carried out to the Surveyor’s 
satisfaction. 


8.7.16 For stud link chain, studs are to be located in the links centrally, and at right angles to the sides of the link, although the 
studs of the final link at each end of any length may also be located off-centre to facilitate the insertion of the joining shackle. The 
tolerances in accordance with Table 10.3.2 Stud link chain cable common link tolerances are acceptable provided that the stud fits 
snugly and its ends lie flush against the inside of the link. 


3.7.17 Chain dimensions are to be recorded and the information retained on file. 


Table 10.3.2 Stud link chain cable common link tolerances 


The internal link radii (R) and external radii should be uniform 


Designation Description Nominal dimension of the Minus tolerance Plus tolerance 
link 


Link length 6d 0,15d 0,15d 
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Link half length a/2 0,10d 0,10d 


Link width 3,6d 0,09d/ 0,09d 


Stud angular misalignment O degrees 4 degrees 4 degrees 


Inner radius 0,65d 6) - 


nominal diameter of chain 


actual link length 


Table 10.3.3 Studless link chain cable common link tolerances 


The internal link radii (R) and external radii should be uniform 


Designation Description Nominal dimension of the Minus tolerance Plus tolerance 
link 


Link length 6d 


Link width 3,35d 


Inner radius 0,60d 


Symbols 


d = nominal diameter of chain 


Note Other dimensional ratios are subject to special approval. 


3.8 Breaking load tests 


3.8.1 In addition to the requirements of Ch 10, 3.6 Proof load tests and non-destructive examination 3.6.1, three link samples 
are to be selected by the Surveyors from the completed chain for breaking tests. The number of tests required is to be in 
accordance with Ch 10, 3.8 Breaking load tests 3.8.5. Extra links are to be provided for the mechanical tests detailed in Ch 10, 
3.9 Mechanical tests 3.9.1. All test links are to be made as part of the chain cable and are to be heat treated with it. These may be 
removed from the cable prior to heat treatment provided that each sample is heat treated with, and in the same manner as, the 
chain it represents prior to selection of the mechanical test specimens. They are to be properly identified with the length of chain 
they represent. 


3.8.2 Breaking test specimens are to withstand the load given in Table 10.3.1 Test loads for mooring chain cables for the 
appropriate grade and size of cable for a period of 30 seconds. The specimen is considered to have passed this test if it has 
shown no sign of fracture and must not crack in the flash butt weld after application of the required load. 


3.8.3 If a breaking test specimen fails, two further specimens are to be cut from the same sampling length and both are to be 
subjected to the breaking test load. If one of the re-test specimens fails the length is to be rejected. All the broken links are to be 
subjected to an investigation into the cause of failure. LR will then decide which lengths of chain can be accepted and on further 
action. 
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3.8.4 For chain diameters over 100 mm, alternative break-test proposals to the above break-test will be considered whereby 
a one link specimen is used. Alternatives are to be approved by LR; every heat is to be represented, the test frequency is to be in 
accordance with Table 10.3.4 Frequency of break and mechanical tests, and it is to be demonstrated that the alternative test 
represents an equivalent load application to the three link test. 


3.8.5 For large diameter cables where the required breaking load is greater than the capacity of the testing machines, special 
consideration will be given to acceptance of an alternative testing procedure. 


Table 10.3.4 Frequency of break and mechanical tests 


Nominal chain diameter Maximum sampling 
mm interval m (See Note) 


Min. — 48 91 
49 — 60 
61 — 73 131 
74 — 85 152 


86 — 98 175 


99 — 111 198 
112 — 124 222 
125 — 187 250 
138 — 149 274 
150 — 162 297 
163 — 175 322 


176 — 186 346 


187 — 198 370 
199 — 210 395 


211 — 222 420 


Note If the sampling interval contains links made from 
more than one cast, extra break and mechanical tests 
are required so that tests are made on every cast. 


3.9 Mechanical tests 


3.9.1 One tensile and three sets of Charpy V-notch impact test soecimens are to be taken from links cut from the heat treated 
and proof loaded chain at intervals no greater than those indicated in Table 10.3.4 Frequency of break and mechanical tests 
provided that every cast is sampled. The tensile specimen and one set of impact specimens are to be taken from the side of the 
link opposite the weld. One set of impact test specimens is to have the notches positioned at the centre of the flash butt weld and 
the third set is to be taken from the bend. All the specimens are to be taken from positions in accordance with Figure 10.3.2 
Sampling of chain links. 


3.9.2 The frequency of testing at the link bends may be reduced at the discretion of LR provided it can be verified that the 
required toughness is achieved consistently. 


3.9.3 The results of the mechanical tests are to comply with the requirements of Table 10.3.5 Mechanical properties of chain 
cable materials. 


3.9.4 If the tensile test requirements are not achieved, two further specimens from the same sample are to be tested. The 
related length of chain will be considered acceptable if both re-test soecimens meet the requirements but failure of either of the re- 
test specimens will result in rejection of the sampling length of chain represented by the tests. 


3.9.5 If the impact test requirements are not achieved, re-tests may be carried out in accordance with Ch 2, 1.4 Re-testing 
procedures. Failure to meet the re-test requirements will result in rejection of the sampling length of chain represented by the tests. 
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3.9.6 A grain size determination must be made for the final product. The austenitic grain size for R3, R8S, R4, R4S and Rd is 
to be 6 or finer in accordance with ASTM E112 or equivalent grain size index in accordance to ISO 643. Measurements for circular 
sections are to be taken at surface, at one-third of the radius and centre for the base material, HAZ and weld. 


3.9.7 Hardness tests are to be carried out on finished chain. The frequency and locations are to be agreed with LR. The 
recorded values are for information only and used as an additional check to verify that the heat treatment process has been stable 
during the chain production. 


3.9.8 The mass per unit length of stud link mooring cable is to comply with Table 10.3.6 Mass per unit length of stud link 
chain cable. 


Specimen for 
notched bar 
impact test 


Specimen for 
notched bar 
impact test 


Tensile 
specimen 


specimen radius 


Figure 10.3.2 Sampling of chain links 


Table 10.3.5 Mechanical properties of chain cable materials 


Yield stress 
N/mm? 
minimum 


Tensile strength 
N/mm? 


Elongation % 
minimum 


Reduction of 
area % 
minimum (See 
Note 3) 


Charpy V-notch impact tests 


Test 
temperature °C 


Average energy 
J minimum 


Average energy 
flash butt weld 
J minimum 


R4S (See Note 
4) 


294 


410 (See Note 
1) 


490 (See Note 
1) 


580 (See Note 
1) 


700 (See Note 
1) 


690 minimum 
(See Note 1) 


770 minimum 
(See Note 1) 


860 minimum 
(See Note 1) 


960 (See Note 
1) 


50 


0) 


—20 (See Note 
2) 


) 


—20 (See Note 
2) 


-20 


-20 


60 


40 


65 


45 


50 


50 


30 


53 


33 


36 
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Rd (See Note 4) | 760 (See Note | 1000 (See Note 
1) 1) 


Note 1. The ratio of yield strength to tensile strength should be 0,92 maximum unless specially approved. 


Note 2. Testing may be carried out at either O°C or -20°C. 
Note 3. For cast fittings, the minimum values for reduction of area are to be 40% for Grades R3 and R8S and 35% for Grades R4, R4S and R65. 


Note 4. The aim maximum hardness for Grade R4S is to be HB330, and for Grade R5 is to be HB340. 


Table 10.3.6 Mass per unit length of stud link chain cable 


Nominal chain Mass per unit 
diameter (mm) length 0,0219d 2 
(kg/m) 


55 
66 
79 
93 
107 
123 
140 
158 


177 


198 
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3.10 Connecting common links or substitute links 


3.10.1 Single links to connect lengths of heat treated chain cable or to substitute for test links or defective links without the 
necessity for re-heat treatment of the whole length of cable are to be made by the chain manufacturer in accordance with an 
approved procedure. Separate approvals are required for each grade of chain cable and tests are to be made on the maximum 
size of chain for which approval is sought. 


3.10.2 | Manufacture and heat treatment of the connecting common link is not to affect the strength of the adjoining links. The 
temperature reached by these links is nowhere to exceed 250°C. 


3.10.3 The steel bar used is to conform with the specification for the chain and approved by LR in accordance with Ch 3, 9 
Bars for welded chain cables. 


3.10.4 Details of the method of manufacture, including heat treatment, are to be submitted for approval, together with the 
results of a series of tests laid down by LR. 


3.10.5 All links involved in the approval tests are to be destroyed and are not to be used as part of a chain cable. 


3.10.6 Every connecting common link included in a chain cable is to be subjected to the proof load appropriate to the grade 
and size of chain in which it is incorporated as detailed in Table 10.3.7 Test loads for mooring chain cables. 


3.10.7 Every connecting common link is to be inspected in accordance with Ch 10, 3.6 Proof load tests and non-destructive 
examination 3.6.3. 


3.10.8 | A second identical link is to be made for mechanical tests which are to be in accordance with Ch 10, 3.9 Mechanical 
tests 3.9.1. This test link is also to be inspected in accordance with Ch 10, 3.10 Connecting common links or substitute links 
3.10.7. 


3.10.9 | Each connecting common link is to be stamped with the identification marks listed in Ch 10, 3.11 Identification 3.11.1 
plus a unique number for the link. The adjoining links are also to be stamped. 


3.11 Identification 
3.11.1 Each length of chain is to be permanently marked with the following: 


(a) LR and abbreviated name of LR's local office issuing the certificate. 
(ob) Certificate number (this may be abbreviated provided it is stated in the certificate). 
(c) Grade and proof load of chain. 


3.11.2 The chain is to be marked as follows: 


(a) at each end (the marking should identify the leading and tail end of each chain), 

(bo) at intervals not exceeding 100 m, 

(c) onall connecting common links or shackles and the immediately adjacent links, 

(d) on the first and last common link of each individual heat used in the continuous length. 

3.11.3 All identification marks are to be made on the studs for stud link chain or, on the outside of the straight part of the link, 
opposite the flash butt weld for studless chain, and are to be permanent and legible throughout the expected service life of the 
chain. 


3.12 Documentation 


3.12.1. A complete Chain Inspection and Testing Report, in booklet form, is to be provided by the chain manufacturer for each 
continuous chain length, and for each order for chain and fittings. It is to include all dimensional checks, test and inspection 
reports, non-destructive test reports, process records, photographs (for fittings, example photographs of components positioned 
in furnaces), as well as any non-conformity, together with corrective action and repair work. 
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3.12.2 — All documents, including reports and appendices, are to contain a reference to the relevant certificate number. 


3.12.3. The chain manufacturer is responsible for storing all the documentation in a safe and retrievable manner for a period of 
at least 10 years. 


> 


3.13 Certification 


3.13.1. An LR certificate is to be issued for each continuous single length of chain, and each type of fitting, see Ch 7, 3.7 
General. 


3.13.2 Each test certificate is to include the following particulars: 


a) Purchaser’s name and order number. 

b) Description and dimensions. 

) Grade of chain cable. 

d) Identification mark which will enable the full history of the chain to be traced. 

) Chemical composition. 

f) Details of heat treatment. 

g) Mechanical test results. 

h) Breaking test load. 

Proof load. 

The number and locations of all connecting common links and all marked links. 


a Section 4 
Fittings for offshore mooring chain 


4.1 Scope 


4.1.1 Provision is made in this Section for five grades, R38, R8S, R4, R4S and Rd of fittings for offshore mooring chain. Fittings 
include, but are not limited to, shackles, triplates, end shackles, swivels, and swivel shackles. 


4.1.2 Design of fittings must be to a recognised Standard, such as IS01704, see Figure 10.2.3 Enlarged link to Figure 10.2.9 
Lugless shackle of the Kenter type; alternatively, non-standard designs of fittings are to be subject to special consideration, and 
may require a fatigue analysis and tests to confirm relevant performance. 

4.2 Manufacture 


4.2.1 The materials from which the fittings are made are to be manufactured at works approved by LR, in accordance with the 
appropriate requirements of Ch 4, 7 General requirements or Ch 5, 1 General requirements, and the requirement in this Section. 
Alternative arrangements may be agreed provided that full details concerning the manufacturer are submitted to LR. 


4.2.2 Steel used for fittings must be manufactured by an approved process, and be killed and fine grain treated. 


4.2.3 The austenite grain size of steel used for fittings must be 6, or finer, as measured in accordance with ASTM E112 or 
equivalent grain size index in accordance to ISO 648. Measurements for circular sections are to be taken at one-third of the radius. 
Measurements for non-circular sections are to be taken at one-quarter of the thickness. 


4.2.4 Steel used for forgings or castings for grades R4S and R5 must be vacuum degassed. 
4.2.5 For steel used for forgings or castings for grades R4S and R65 the following tests are to be carried out on each heat: 


(a) assessment and quantification of the level of non-metallic micro inclusions. These must be acceptable for the final product. 

(b) macro-etching on a representative sample, in accordance with ASTM E881 or equivalent; this must be free from any injurious 
segregation or porosity. 

(c) hardenability tests in accordance with ASTM A255 or equivalent. 


The results of these tests are to be supplied by the steel manufacturer, and the results are to be included in the final fitting 
documentation. 


4.2.6 Fittings for chain are to be heat treated in accordance with procedures that have been approved by LR. 
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4.3 Testing of fittings 


4.3.1 For fittings for mooring chain, a batch is defined as fittings from the same steel-making heat that have been heat treated 
together in the same furnace. 


4.3.2 All fittings are to be subjected to proof load tests, non-destructive examination, sample break load tests and sample 
mechanical tests after final heat treatment in the presence of a Surveyor. In addition to the requirements stated in this section, 
attention must be given to any relevant statutory requirements of the National Authority of the country in which the ship is to be 
registered. 


4.4 Proof and break load tests 


4.4.1 All chain cable fittings, including spares, are to be subjected to the proof loads appropriate to the grade and size of 
cable for which they are intended, see Table 10.3.1 Test loads for mooring chain cables. Prior to this test, the fittings are to be shot 
or sand blasted to ensure that their surfaces are free from scale, paint or any other coating which could interfere with any 
subsequent inspection. 


4.4.2 The appropriate breaking load as required by Table 10.3.1 Test loads for mooring chain cables is to be applied to at 
least one item out of every batch of up to 25, and this item is to be destroyed and not used as part of an outfit. 


4.4.3 If the sample fails to withstand the breaking load without fracture, or in the event of failure of any other test, then the 
entire batch is to be rejected unless the cause of failure has been determined and it can be demonstrated that the condition 
causing failure is not present in any of the other fittings in the batch. If this can be demonstrated, then two more samples from the 
same batch may be tested. If either of these samples fails, the batch is to be rejected. 


4.4.4 For very large fittings where the required breaking load is greater than the capacity of the testing machine and for 
individually produced fittings or fittings produced in small batches (less than five), proposals for an alternative method of testing will 
be given special consideration. All proposals for alternative testing methods are to be detailed in writing for approval and the 
following additional conditions may apply: 


(a) Alternative testing is described in a written procedure and manufacturing specification. 
(b) A finite element analysis is provided at the break load and demonstrates that the fitting has a safety margin over and above 
the break load of the chain. 


(c) Strain age testing (in accordance with a procedure approved by LR) is carried out on the material grade produced to the 
same parameters at the time of qualification. 

(d)__ If a fitting is of a large size that will make heat treating in batches unfeasible or has a unique design, strain gauges are to be 
applied during the proof and break load tests during initial qualification and during production. The strain gauge results from 
production are to be comparable with the results from qualification. 


4.4.5 All fittings are to be subjected to close visual examination after proof load testing, particular attention being paid to 
machined surfaces and highly stressed regions. 


4.4.6 Each fitting is subject to fluorescent magnetic particle or dye penetrant inspection on all surfaces and ultrasonic testing 
in accordance with a recognised Standard. As a minimum requirement surfaces must be free from: 


° relevant linear indications exceeding 1,6 mm in transverse direction; 
e — relevant linear indications exceeding 3,2 mm in longitudinal direction; 
e — relevant non-linear indications exceeding 4,8 mm. 


When required by LR, ultrasonic testing is to be carried out on 100 per cent of cast or forged fittings. The acceptance/rejection 
criteria established for the design is to be met. 


4.4.7 All non-destructive examination is to be carried out in accordance with approved procedures, in accordance with Ch 7, 
5 Non-destructive examination. 


4.4.8 Fittings of increased dimensions or higher grade material may be used subject to approval by LR. 


4.4.9 Where fittings with increased dimensions, or fittings of a higher material grade are included in an outfit: 


S 


each item must be successfully tested at the required breaking load for the chain cable for which it is intended; and 
strain age properties must have been carried out on the material grade produced to the same parameters; 


strain gauges are to be applied during the break load test in the high stress locations to monitor that the strains stay within 
allowable limits. 


Ce 


For the purpose of this paragraph, items of increased dimensions are so designed that their breaking strength is not less than 1,4 
times the Rule minimum breaking load for the chain cable for which it is intended, and this has been verified by procedure tests. 
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4.4.10 Weld repairs of finished fittings are not permitted. 
4.5 Dimensional inspection 
4.5.1 At least one fitting from each batch of up to 25 is to be checked dimensionally after proof load testing. The manufacturer 
is to provide a statement that the dimensions comply with the specified requirements. 
4.5.2 The following tolerances apply to the unmachined dimensions of all fittings; 
(a) nominal diameter plus 5 per cent, minus O per cent; and 
(b) other dimensions plus or minus 2,5 per cent. 
4.6 Mechanical tests 
4.6.1 All fittings are to be manufactured to a manufacturing specification approved by LR, and provision is to be made for 


tensile and impact test specimens. The test samples are to be subjected to heat treatment with the fittings they represent. The 
mechanical test requirements are the same as those for the relevant grade of chain cable, see Table 10.3.5 Mechanical properties 
of chain cable materials. 


4.6.2 Mechanical tests for fittings are to be taken from full size fittings that have been heat treated with the production batch 
they represent, and the tests are to be taken after the fitting has been proof load tested. It is not permitted to use separate 
representative coupons unless approved by LR in accordance with Ch 70, 4.6 Mechanical tests 4.6.6. At least one fitting out of 
every batch of up to 25 is to be tested. Hardness tests are to be carried out on finished fittings. The frequency and locations are to 
be agreed with LR. The recorded values are for information only and used as an additional check to verify that the heat treatment 
process has been stable during the fitting production. 


4.6.3 Forged shackle bodies and forged Kenter shackles are to have a set of three Charpy impact tests and a tensile test 
taken from the crown of the shackle. For smaller diameter shackles, where the geometry does not allow for the tensile test to be 
taken from the crown, this may be taken from the straight portion from the locations specified in Figure 10.4.1 Sampling of steel 
bars, forgings and castings, with the Charpy impact test specimens on the outside radius. 


4.6.4 The mechanical test pieces for cast shackle bodies and cast Kenter shackles can be taken from the straight portion of 
the fitting from the locations shown in Figure 10.4.1 Sampling of steel bars, forgings and castings. 


Specimen for notched bar 
impact test 


specimen 


specimen radius 


Figure 10.4.1 Sampling of steel bars, forgings and castings 


4.6.5 For fittings with complex geometries the locations of mechanical test pieces taken are to be approved by LR. For non- 
circular sections, one-quarter of t (thickness) from the surface is considered appropriate. Rolled plates are to be tested to the 
standard to which they are produced. 
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4.6.6 Where fittings are individually heat treated or produced in small batches (less than five), alternative testing may be 
approved; a proposal must be submitted in a written procedure for consideration and the following additional conditions may 
apply: 


(a) If separately forged or cast coupons are used, they are to have a cross-section and, for forged coupon, a reduction ratio 
similar to that of the fittings represented, and are to be heat treated in the same furnace and quenched in the same tank at 
the same time, as the actual forgings or castings. Thermocouples are to be attached to the coupon and to the fittings. 

(b) If separately forged or cast Coupons are agreed, it is to be verified by a procedure test that coupon properties are 
representative of fitting properties. 


4.6.7 Mechanical tests of pins are to be taken as shown in Figure 10.4.1 Sampling of steel bars, forgings and castings from 
the mid- length of a sacrificial pin of the same diameter as the final pin. For oval pins, the diameter taken is to represent the smaller 
dimension. Mechanical tests may be taken from an extended pin of the same diameter as the final pin that incorporates a test 
prolongation and a heat treatment buffer prolongation, where equivalence with mid-length test values have been established. The 
length of the buffer is to be at least equal to 1 pin diameter which is removed after the heat treatment cycle is finished. The test 
coupon can then be removed from the pin. The buffer and test are to come from the same end of the pin, as shown in Figure 
10.4.2 Buffer and test piece location for pins. 


Buffer 


aPene" 
eae 


970%! 
setene 


ao" 


Figure 10.4.2 Buffer and test piece location for pins 


4.6.8 Manufacturers intending to supply fittings in the machined condition are to submit detailed drawings for approval by LR. 
Machining of Kenter shackles must result in a fillet radius of a minimum of 3 per cent of the nominal diameter. 

4.7 Identification 

4.7.1 Each fitting is to be permanently marked with the following information: 

a) identification number, cast number or other marking which will enable the full history of the casting to be traced; 

b) manufacturer’s name or trade mark; 

) LRor Lloyd's Register, the abbreviated name of LR's local office, and number of certificate; 

d) personal stamp of Surveyor responsible for inspection; 

) date of final inspection; and 

(f) chain grade. 


4.7.2 Where small casting/forging fittings are manufactured in large numbers, modified arrangements for identification may be 
specially agreed with the Surveyor. 


4.8 Documentation 


4.8.1 A complete Inspection and Testing Report in booklet form is to be provided by the manufacturer for each order. This 
booklet include all dimensional checks, test and inspection reports, NDE reports, process records and example photographs of 
components positioned in furnaces, as well as any non-conformity, corrective action and repair work. 


4.8.2 Each type of fitting must be covered by separate certificates. 
4.8.3 All documents, including reports and appendices, are to contain a reference to the relevant certificate number. 


4.8.4 The manufacturer is responsible for storing all the documentation in a safe and retrievable manner for a period of at least 
10 years. 


4.9 Certification 


4.9.1 Certificates are to be issued in accordance with Ch 10, 3.13 Certification. 
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Short link chain cables 
5.1 Scope 
Bala This Section gives the requirements for electrically welded steel short link chain cable for marine use but excluding those 
applications covered by the Code for Lifting Appliances in a Marine Environment. 
5.1.2 Provision is made for grade M(4), as defined in ISO 1834. 
5.2 Manufacture 
5.2.1 Short link chain cables are to be manufactured at works approved by LR. A list of approved manufacturers for short link 


chain cable is published separately by LR. 


5.2.2 The chain is to be supplied in either the normalised or quenched and tempered condition. Heat treatment is to be 
carried out prior to proof and breaking load testing. 


5.2.3 The chain may be galvanised using a hot dipping process provided that this is carried out prior to proof and breaking 
load testing. If galvanised, it is recommended that the thickness of the zinc coating be not less than 70 microns. 


5.2.4 Unless otherwise agreed, the finished chain is to be free from coatings other than zinc. 


5.3 Bar material 


5.3.1 Bars for the manufacture of short link chain cable are to be made and tested in accordance with the appropriate 
requirements of Ch 3, 1 General requirements and to the requirements of an International or acceptable National Standard. 


5.3.2 The bars are to be made at a works approved by LR. 

5.3.3 The steel is to be fully killed and fine grain treated. 

5.3.4 The steel is to have mechanical properties which will allow the chain to meet the mechanical test requirements of Ch 10, 
5.4 Testing and inspection of chain cables 5.4.7 and Table 10.5.1 Mechanical test requirements for short link chain cables. 

5.4 Testing and inspection of chain cables 


5.4.1 All chain cable of 12,5 mm diameter and above, and all steering chains irrespective of diameter, are to be tested in the 
presence of a Surveyor at a proving establishment recognised by LR. A list of recognised proving establishments is published by 
LR. In addition to the requirements stated in this Chapter, attention is to be given to any relevant statutory requirements of the 
National Authority of the country in which the ship or other marine structure is to be registered. 


Table 10.5.1 Mechanical test requirements for short link chain cables 


Grade M(4) 


Chain 
diameter Proof load Breaking load 


mm kN minimum 
kN 


7,9 15,8 


25 
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5.4.2 For chain of diameter less than 12,5 mm, other than steering chains, the manufacturer's tests will be acceptable. 


5.4.3 After completion of all manufacturing processes, including heat treatment and galvanising, the whole of the chain is to 
be subjected to the appropriate proof load specified in Table 10.5.1 Mechanical test requirements for short link chain cables. 


5.4.4 The whole of the chain is to be inspected after the proof load test and is to be free from significant defects. 


5.4.5 At least one sample, consisting of seven or more links, is to be selected by the Surveyor from each 200 m or less of 
chain for breaking load tests. Two additional links may be required for engagement in the jaws of the testing machine. These extra 
links are not to be taken into account in determining the total elongation, see Ch 10, 5.4 Testing and inspection of chain cables 
5.4.7. 


5.4.6 The breaking load is to comply with the appropriate requirements of Table 10.5.7 Mechanical test requirements for short 
link chain cables. 


5.4.7 The total elongation of the breaking load sample at fracture, expressed as a percentage of the original inside length of 
the sample after proof loading, is to be not less than 20 per cent. 


5.5 Dimensions and tolerances 


5.5.1 The form and proportions of links are to be in accordance with Figure 10.5.7 Form and proportions of links. 
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Type 2 


multiple pitch length 

pitch (internal link length) 

measured diameter of the material, except at 
he weld 
measured diameter of the material at the weld 
(Type 1) or weld dimension perpendicular to the 
plane of the link (Type 2) 

dimension in other planes as per individual chain 
specification (Type 2) 
length affected by welding, on either side of the 
centre link 

internal link width away from the weld 

external link width away from the weld 

external link width over the weld 

internal link width at the weld 


Figure 10.5.1 Form and proportions of links 


5.5.2 Manufacturing tolerances are to be within the following limits: 


Nominal diameter, d , +5% 
Pitch of chain, p 4 + 3% 
Length measured over 11 links / + 2% 
Inside width, w + 1,35 d , minimum 
Outside width, w 3,6 d , maximum 


The tolerances are to apply after galvanising. All measurements are to be taken after proof testing. 
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5.6 Identification 
5.6.1 All lengths of cable are to be stamped with the following identification marks: 


a) Inspector's mark and date. 
b) Reference mark or number of certificate. 
Manufacturer's mark or name. 


Chain cable quality mark, M, is to be stamped on at least each twentieth link or at intervals of one metre, whichever is the 
lesser distance. 


5.6.2 Where the inspection is performed under LR’s supervision, the inspector's mark and date are to be replaced by LR and 
the abbreviated name of LR's local office issuing the certificate. 


5.7 Certification 


5.7.1 The manufacturer is to supply the Surveyor with a certificate stating compliance with an appropriate ISO standard, and 
also, in the event of the requirements of Ch 70, 5.4 Testing and inspection of chain cables being undertaken other than in the 
presence of the Surveyor, stating that the test and inspection requirements have been complied with at a recognised proving 
establishment. 


5.7.2 Each test certificate is to include the following particulars: 


a) the quality and description of chain, 
b) identification mark, 
) nominal size of chain, 
d) proof load, 
) breaking load, 
f) total elongation at fracture, 
(g) where appropriate, the name of the proving establishment. 


a Section 6 
Steel wire ropes 


6.1 Scope 

6.1.1 Provision is made in this Section for the requirements for the manufacture, testing and certification of steel wire ropes 
intended to be used for general marine purposes, as well as permanent anchoring, mooring and marine lifting applications. 

6.2 General requirements 


6.2.1 For general marine purposes, such as stream wires, towlines and ship mooring lines, the construction is to be in 
accordance with Table 10.6.1 Recommended rope construction. The construction, diameter and strength of steel wire ropes for 
permanent offshore applications, such as mooring, anchoring and lifting, are covered by other LR Rules. Alternative applications of 
wire ropes may be accepted, subject to special consideration. 


6.2.2 The manufacturer's plant and method of production are to be approved by LR. A list of approved manufacturers of steel 
wire ropes is published annually in the List of Approved Manufacturers of Materials. 
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Table 10.6.1 Recommended rope construction 


Purpose Construction of rope Construction of strands 


Strands Wires 


Stream wires, towlines and mooring 24 i 15 over 9 over fibre core 
lines ; 
37 18 over 12 over 6 over 1 


26 i 10 over (5 + 5) over 5 


over 


31 i 12 over (6 + 6) over 6 


over 


36 Fi 14 over (7 + 7) over 7 


over 


16 over (8 + 8) over 8 


over 


ibre 18 over 12 over fibre 
core 


Towlines and mooring lines used in 7X7 wire rope 12 over (6 + 6) over 6 


association with mooring winches over 1 


7 x7 wire rope 4 over (7 + 7) over 7 
over 1 


7 x 7 wire rope 6 over (8 + 8) over 8 
over 1 


6.2.3 For shaped wire, for example, for large diameter ropes for permanent mooring, where there are no established 
Standards, the manufacturer is to provide evidence by way of test reports that specifications have been developed and agreed 
with the purchaser and LR for the purposes intended. 


6.3 Steel wire for ropes 


6.3.1 Steel wire is to be of homogeneous quality, uniform strength and free of defects likely to impair the manufacture and 
performance of the rope. 


6.3.2 For all ropes, the specified minimum tensile strength of the wire is to be 1420, 1570, 1770 or 1960 N/mm2. The 
specified minimum tensile strength of the wire is the designated grade for the rope, unless otherwise defined by the purchaser's 
specification. The actual tensile strength of the wire is not to exceed 120 per cent of the specified minimum tensile strength. 


6.3.3 For new rope construction, the manufacturer is to carry out prototype testing suitable for the application of the rope and 
this is to include tests on wire used for the construction. 


6.3.4 Tensile and torsion tests, coating, and adhesion (wrap) tests are to be carried out on wire used for the manufacture of 
rope. 


6.3.5 At least 10 per cent of the spools used for the manufacture of the strand are to be tested. The manufacturer is to 
demonstrate that tests have been carried out on at least one wire intended for each of the outer and inner strands, and for each 
diameter and grade used. 


6.3.6 The heat number, wire diameter and strength of wire used for a particular construction are to be recorded by the 
manufacturer. 
6.3.7 Torsion tests are to be carried out on the wire by causing one or both of the securing vices to be revolved until fracture 


occurs (a tensile load not exceeding two per cent of the breaking load of the wire may be applied to keep the wire stretched). 


6.3.8 The uncoated wire is to withstand, without fracture, the number of complete twists given for Grades 1 or 3 in Table 
10.6.2 Torsion test. 


6.3.9 The galvanised wire is to withstand, without fracture, the number of complete twists given in the specification, as agreed 
with the purchaser and LR. In the absence of a suitable specification, the results are to comply with Table 10.6.2 Torsion test. 
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6.3.10 Hot dipped galvanised steel wire is to be used for the manufacture of ropes for marine applications. Depending upon 
the application, the coating may comply with any of the grades in Table 10.6.3 Zinc coating. Grades 1 and 2 are heavy coatings. 
Grade 3 is the minimum coating weight where the galvanising is carried out prior to final wire drawing. Uncoated wire may be 
considered for approved applications. 


Table 10.6.2 Torsion test 


Minimum number of twists 


Diameter Grade 2 Grade 1 or 3 


coated wire Minimum strength 


ini 2 
mm N/mm? Minimum strength N/mm 


1570 1770 1420 1570 1770 1960 


<1,3 19 18 29 26 23 23 
21,3 <2,3 18 26 24 21 21 
22,3 <3,0 16 24 22 19 
23,0 <4,0 20 18 


24,0 <4,6 18 16 


24,6 <5,0 16 14 


>5,0 <6,0 14 11 


Note The minimum test length is 100d or 300 mm, where d is the wire diameter. 


Table 10.6.3 Zinc coating 


Diameter of coated Zinc coating, minimum g/m? 


wire mm 
Grade 1 Grade 2 Grade 3 


20,20<0,25 30 20 
20,25<0,33 45 30 
20,33<0,40 60 30 
>0,40<0,50 75 40 
20,50<0,60 90 50 
>0,60<0,80 110 60 
>0,80<1,00 130 70 
=1,00<1,20 150 80 


=1,20<1,50 165 90 


>1,50<1,90 180 
=1,90<2,50 


>2,50<3,20 


>3,20<4,00 


6.3.11. The mass per unit area of the zinc coating is to be determined in accordance with a recognised National or International 
Standard. 


6.3.12 Zinc coating tests are to be carried out for each designated grade of wire. The manufacturer is to demonstrate that the 
coatings are continuous and uniform and suitable for the intended purpose. 
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6.3.13 Unless otherwise specified by the purchaser, zinc coating tests are to be carried out on the wire prior to stranding. 


6.3.14 The adhesion of the coating is to be tested by wrapping the wire round a cylindrical mandrel for 10 complete turns. The 
ratio between the diameter of the mandrel and that of the wire is to be as in Table 10.6.4 Wrap test for adhesion of coating. After 
wrapping on the appropriate mandrel, the zinc coating is to have neither flaked nor cracked to such an extent that any zinc can be 
removed by rubbing with a cloth. 


Table 10.6.4 Wrap test for adhesion of coating 


Maximum ratio of 


Diameter of coated 


Coating ee manera to wire 
diameter 
Grade 1 and 2 <1,5 
21,5 
Grade 3 <1,5 
21,5 
6.4 Tests on completed ropes 
6.4.1 Every length of wire rope is to be subjected to a breaking strength test. 


6.4.2 A sample of sufficient length is to be provided for the breaking load test. The rope ends are to be enclosed in a suitable 
socket. Testing is to be carried out in accordance with a recognised National or International Standard. 


6.4.3 The rope may be subject to cyclic loading for bedding purposes prior to testing. The rope is to be tested at a suitable 
strain rate in accordance with a recognised National or International Standard. 


6.4.4 The load is to be applied until one wire break is witnessed or 130 per cent of the minimum breaking load is recorded. 
The maximum recorded load is to be reported by the manufacturer. 


6.4.5 Tests in which a breakage occurs adjacent to and as a result of damage from the grips are to be rejected, if the applied 
load is less than the specified minimum requirement. The rope is to be retested to withstand the agreed minimum breaking load. 


6.4.6 With the exception of offshore mooring ropes, consideration may be given to determining the breaking load by 
summation or aggregating actual test results on individual wires, if facilities are not available for undertaking a breaking test on a 
production basis. A suitable spin factor or lay-up deduction allowance in accordance with a recognised National or International 
Standard for the applicable rope diameter, designated grade and construction is to be applied. 


6.4.7 Where spin factors or lay-up deduction allowances are proposed by the manufacturer, a report on suitable cyclic load 
testing of prototype ropes of the same construction, strength and diameter is to be approved by LR. In addition, the manufacturer 
is to show that a satisfactory breaking load test has been carried out in the previous two years, and witnessed by LR for the same 
rope construction, diameter and designated grade. 


6.4.8 LR may give special consideration to spin factors or lay deductions based on data extrapolated from smaller diameter 
ropes of the same construction, provided that these ropes have been tested in accordance with Ch 10, 6.4 Tests on completed 
ropes 6.4.7. 


6.4.9 All data arising from smaller diameter ropes for the extrapolation in Ch 10, 6.4 Tests on completed ropes 6.4.8 are to 
have been derived from tests carried out within two years of the manufacture of the larger diameter rope. 


6.4.10 — The finished rope is to have no more than one wire connecting weld in any length of 18d, where d is the diameter of the 
rope. 


6.5 Dimensional inspection 

6.5.1 The dimensions and discard criteria are to comply with a recognised National or International Standard. 
6.6 Identification 

6.6.1 All completed ropes are to be identified with attached labels detailing the rope type, diameter and length. 
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6.7 Certification 


6.7.1 Where specified in applicable LR Rules or Codes, an LR certificate or manufacturer’s certificate validated by LR, in 
accordance with Ch 7, 3.1 General 3.1.3.(a) or Ch 1, 3.1 General 3.1.3.(b) respectively, is to be issued. Otherwise a 
manufacturer’s certificate, in accordance with Ch 1, 3.1 General 3.1.3.(c), is to be issued and in such cases the certificate is to be 
validated by the manufacturer’s authorised representative, independent of the manufacturing department. 


6.7.2 Each test certificate is to contain the following particulars: 


e Purchaser's name and order number. 
e Details of the rope construction. 

e¢ Core material. 

e Grade of zinc coating. 

e Mechanical test results. 

e — Adhesion test results. 

e Dimensions. 

e — Method of breaking load testing. 

e —_ Breaking load. 


a Section 7 
Fibre ropes 


7.1 Manufacture 


7.14 Fibre ropes intended as mooring lines may be made of coir, hemp, manila or sisal, or may be composed of synthetic 
(man-made) fibres. They may be three-strand (hawser laid), four-strand (Shroud laid) or nine-strand (cable laid), but other 
constructions will be specially considered. 


7.1.2 Each length of rope is to be manufactured from suitable material of good and consistent quality. Rope materials should, 
in general, comply with a recognised National Standard. 


7.1.3 Synthetic fibre ropes are to be suitable for the purpose intended and should comply with a recognised standard. 

7.1.4 Weighting and loading matter is not to be added, and any lubricant is to be kept to a minimum. Any rot-proofing or 
water repellancy treatment is not to be deleterious to the fibre nor is it to add to the weight or reduce the strength of the rope. 

7.2 Tests of completed ropes 

7.2.1 The breaking load is to be determined by testing to destruction a sample cut from the completed rope. 

2.2 The minimum test length and the initial test load are to be as given in Table 10.7.1 Breaking load test. After application 


of the initial load, the diameter and evenness of lay up of the sample are to be checked. The sample is then to be uniformly 
strained at the rate given in Table 10.7.1 Breaking load test until it breaks. 


Table 10.7.1 Breaking load test 


Test length mm ___ Initial load % Rate of 
Material minimum (see Note) straining 
mm/min 


Natural fibre 1800 2 150 + 50 


Synthetic fibre 900 1 100 max. 


Note Percentage of specified minimum breaking load. 


7.2.3 The actual breaking load is to be not less than that given in an appropriate National Standard. 


7.2.4 If the sample is held by grips and the break occurs within 150 mm of the grips, the test may be repeated, but not more 
than two tests may be made on any one coil. 
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7.2.5 Where difficulty is experienced in testing a sample of a completed synthetic fibre rope, LR will consider alternative 
methods of testing. 


7.3 Identification 

7.3.1 Each coil of rope is to be identified with an attached label detailing the material, construction, diameter and length. 

7.4 Certification 

7.41 Where specified in applicable LR Rules or Codes, an LR certificate or manufacturer’s certificate validated by LR, in 


accordance with Ch 7, 3.1 General 3.1.3.(a) or Ch 7, 3.1 General 3.1.3.(0) respectively, is to be issued. Otherwise a 
manufacturer’s certificate, in accordance with Ch 1, 3.1 General 3.1.3.(c), is to be issued and in such cases the certificate is to be 
validated by the manufacturer’s authorised representative, independent of the manufacturing department. 


7.4.2 Each test certificate is to include the following particulars: 


e — Manufacturer’s name. 

e — Purchaser’s name and order number. 
e Rope type. 

° Dimensions. 

e — Test length. 

e — Rate of straining. 

e Breaking load. 
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Section 
1 General 
2 Mechanical testing procedures 
3 Electrodes for manual and gravity welding 
4 Wire-flux combinations for submerged-arc automatic welding 
5 Wires and wire-gas combinations for manual, semi-automatic and automatic welding 
6 Consumables for use in electro-slag and electro-gas welding 
i Consumables for use in one-side welding with temporary backing materials 
8 Consumables for welding austenitic and duplex stainless steels 
9 Consumables for welding aluminium alloys 
10 Consumables for high strength steel for special marine applications 
a Section 1 
General 
1.1 Scope 
1.4.1 Provision is made in this Chapter for the approval by Lloyd's Register (hereinafter referred to as 'LR’) of electrodes, 


wires, fluxes and other consumables intended for use in the welding of the following types of materials: 


(a) Steel of various grades as represented by Grade A through to Grade EH96, see Ch 11, 3 Electrodes for manual and gravity 
welding to Ch 11, 7 Consumables for use in one-side welding with temporary backing materials. 

(b) A wide range of low-temperature service steels, see Ch 17, 3 Electrodes for manual and gravity welding to Ch 11, 7 
Consumables for use in one-side welding with temporary backing materials. 

(c) Stainless steels including nitrogen strengthened grades and some of the duplex varieties, see Ch 17, 8 Consumables for 
welding austenitic and duplex stainless steels. 

(d) Aluminium alloys, see Ch 17, 9 Consumables for welding aluminium alloys. 

(e) High strength steels for special marine applications, see Ch 11, 10 Consumables for high strength steel for special marine 
applications. 

1.1.2 For this purpose, welding, consumables are categorised and subject to the special requirements of different Sections of 

this Chapter. 


a) Covered electrodes for manual welding and gravity welding. 
b) Combinations of wire and flux for automatic submerged-arc welding. 
c) Combinations of wire and gas for gas metal-arc welding and wires for self-shielding welding. 
d) Combinations for electro-slag and electro-gas welding. 
) Combinations with temporary backing materials for one-side welding. 
f) | Consumables for welding austenitic and duplex stainless steels. 
g) Combinations for welding aluminium. 
h) Combinations for welding high strength steel for special marine applications. 


1.2 Grading 


V2] Consumables for welding structural steels are graded into twelve strength levels, and each of these is further subdivided 
into several levels in respect of notch toughness. The five basic levels of toughness are indicated by a number (1 to 5). Normal 
tensile strength is indicated by ‘N'. Higher tensile strength is indicated by ‘Y', and if the yield strength is higher than 375 N/mm? the 
Y is followed by a number (40 to 96), as shown in Table 11.1.1 Welding consumable grades appropriate to structural and low 
temperature service steel grades. 
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Table 11.1.1 Welding consumable grades appropriate to structural and low temperature service steel grades 


Consumables 
grade 


Suitable for steel grades (see Notes) 


1. Ship Grade Steels (Ch 3, 2 Normal strength steels for ship and other structural applications and Ch 3, 3 Higher strength steels for ship 
and other structural applications) 


2. High Strength Steels (Ch 3, 10 High strength steels for welded structures) 


see Note 3 


8Y42 


3Y42 


4Y42 


5SY42 


AH36 


DH36 


EH36 


FH36 


AH40 


DH40 


EH40 


FH40 


3Y46 
3Y46 


4Y46 


5Y46 


AH40 


DH40 


EH40 


FH40 


AH42 
DH42 
EH42 


FH42 


3Y50 
3Y50 
4Y50 


5Y50 


AH42 


DH42 


EH42 


FH42 


AH46 
DH46 
EH46 


FH46 


38Y55 
3Y55 
4Y55 


SY55 


AHS0 


DH50 


EH50 


FHS0 


AH55 


DH55 


EHS5 


FH55 


3Y62 


3Y62 


312 


AH55 


DH55 


AH62 


DH62 
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3. Ferritic Low Temperature Service Steels (Ch 3, 6 Carbon-manganese and nickel alloy steels for low temperature service) 


11/oNi 1VoNi = = 


21/,Ni 21 /4Ni 


31/oNi 3'/oNi 


5 Ni 5 Ni 


9 Ni 9 Ni 


Note 1. Steel grades shown in bold italic type include the equivalent (LT-xxxx) low temperature service grades referenced in Ch 3, 6 
Carbon-manganese and nickel alloy steels for low temperature service. 


Note 2. The Table applies to the multi-run welding techniques (i.e. m, S, M). 


Note 3. Approval of consumables intended for welding high strength steels in Ch 3, 10 High strength steels for welded structures also 
includes the standard ship steel grades as shown in bold italic type and equivalent low temperature service steel grades referenced in Ch 
3, 6 Carbon-manganese and nickel alloy steels for low temperature service. 


Note 4. Steel grades EH36, EH40, and EH47 also include corresponding brittle crack arrest steel grades referenced in Ch 3, 3 Higher 
strength steels for ship and other structural applications. 


1.2.2 In addition to the grade, consumables are also allocated a suffix indicating the welding technique used. These are 
defined in the context of the following Sections of this Chapter. 


1.2.3 Consumables for structural and low temperature service steels may be controlled low hydrogen and approved as such. 
Grade marking H15, H10 or H5 will be applied, as appropriate. 


1.2.4 For joining higher strength steels, approval granted for 1Y consumables will be limited to maximum material thickness of 
25 mm. 


1.2.5 Test assemblies are not to be subjected to any heat treatment, except in those higher strength grades where it is 
considered necessary to use the welded joint in the stress relieved (tempered) condition. In those cases, the code 'sr' will be 
added to the approval grade. 


1.2.6 Further details of grading are given in subsequent Sections of this Chapter. 


1.3 Manufacture 


1.3.4 The manufacturer's plant and method of production of welding consumables are to be such as to ensure reasonable 
uniformity in manufacture. 
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1.4 Approval procedures 


1.4.1 Welding consumables will be approved subject to a satisfactory inspection of the works by the Surveyor for compliance 
with the test requirements detailed in subsequent Sections in this Chapter. 


1.4.2 The test assemblies are to be prepared under the supervision of the Surveyor, and using samples selected by him. All 
tests are to be carried out in his presence. 


1.4.3 For Charpy V-notch tests, a set of three test specimens is to be prepared and the average energy value is to comply 
with the requirements of subsequent Sections in this Chapter. One individual value may be less than the required average value 
provided that it is not less than 70 per cent of this value. 


1.4.4 Where chemical analysis is required for approval, the results of the analysis are not to exceed the limit values specified in 
the standards or by the manufacturer, the narrower tolerances being applicable in each case. 


1.4.5 LR may require, in any particular case, such additional tests or requirements as may be necessary. 
1.4.6 A List of Approved Welding Consumables is published by LR. 


1.4.7 LR is to be notified of any alteration proposed to be made in the process of manufacture subsequent to approval. 
Sufficient detail is to be provided to determine the need for further testing to maintain the approval. 


1.4.8 Consideration will be given to alternative procedures for approval in the case of manufacturers producing consumables 
under the control of another manufacturer or plant already having approval of one or more products. 


1.5 Annual inspection and tests 


1.5.1 All establishments where approved welding consumables are manufactured, and the associated quality control 
procedures, are to be subjected to annual inspection. On these occasions, samples of the approved consumables are to be 
selected by the Surveyor and subjected to the tests detailed in subsequent Sections in this Chapter. These are to be completed 
and reported before the end of the one year period beginning at the initial approval date, and repeated annually so as to provide at 
least an average of one annual test per year. 


1.6 Changes in grading 


1.6.1 Changes in grading of welding consumables will be considered only at the manufacturer's request, preferably at the 
time of annual testing. For upgrading in connection with impact properties, and uprating in connection with tensile properties, tests 
from butt weld assemblies will be required in addition to the normal annual approval tests. For upgrading in connection with 
hydrogen testing, specific tests will be required in accordance with ISO 3690. Downgrading and downrating may be imposed by 
LR where tests and re-tests fail to meet the requirements of this Chapter. 


1.7 Manufacturers' Quality Assurance Systems 


VTA As an alternative to Ch 17, 71.5 Annual inspection and tests, manufacturers may seek maintenance of approval based on 
acceptance by LR of their ‘in house’ quality assurance system, and by regular audit of that system carried out in accordance with 
procedures approved by LR. 


1.8 Certification 


1.8.1 Each carton or package of approved consumables is to contain a certificate from the manufacturer, generally in 
accordance with the following: ‘The <insert name of manufacturer> company certifies that the composition and quality of these 
consumables conform with those of the consumables used in making the test pieces submitted to and approved by the approval 
bodies nominated on the label of this package.’ 


a Section 2 
Mechanical testing procedures 


2.1 Dimensions of test specimens 


2.1.1 Dimensions of test pieces for deposited metal tensile tests, butt weld tensile tests, bend tests and Charpy V-notch 
impact test are to machined to the dimensions and tolerances detailed in Ch 2 Testing Procedures for Metallic Materials. 
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2.2 Testing procedures 


2.2.1 The procedures used for all tensile and impact tests are to comply with the requirements of Ch 2 Testing Procedures for 
Metallic Materials. 


2.2.2 Butt weld bend test specimens are to be tested at ambient temperature and are to be bent through an angle of 120° 
over a former having a diameter which relates to the thickness of the test specimen as detailed in subsequent Sections. For each 
pair of bend test specimens, one specimen is to be tested with the face of the weld in tension and the other with the root of the 
weld in tension. 


2.2.3 Macro examinations are to be carried out on polished and etched specimens at a maximum magnification not 
exceeding x10. The examination is to ensure complete fusion, inter-run penetration and freedom of defects. 


2.3 Re-testing procedures 


2.3.1 Re-testing procedures are to comply with Ch 2, 1.4 Re-testing procedures. 


a Section 3 
Electrodes for manual and gravity welding 
3.1 Grading 


Sel Dependent on the results of the mechanical and other tests, approval will be allocated as one of the grades from Table 
11.1.1 Welding consumable grades appropriate to structural and low temperature service steel grades. 


3.1.2 Approval of an electrode will be given in conjunction with a welding technique indicated by a suffix ‘m' for manual 
welding, ‘G' for gravity or contact electrode and ‘p' for deep penetration electrode. 


3.1.3 If the electrodes are in compliance with the requirements of the hydrogen test given in Ch 71, 3.4 Hydrogen test, a suffix 
‘H15' or ‘H10' or ‘H5' will be added to the grade mark. Table 17.3.1 Minimum low hydrogen approval requirements for manual and 
gravity electrodes shows the mandatory levels of low hydrogen approval for the various approval grades. 


Table 11.3.1 Minimum low hydrogen approval requirements for manual and gravity electrodes 


Approval grades Low hydrogen grade required 


1 (1N), 2 (2N), 3 (BN) NR 
2Y, 3Y, 4Y H15 (see Note 2) 
2Y40 to 5Y40 H15 


3Y47 H10 


3Y42 


3Y46 


3Y50 
3Y55 
3Y62 
3Y69 
3Y89 


3Y96 
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Lee H15 
35 Ni 


5 Ni NR (see Note 3) 


9 Ni NR (see Note 3) 


Note 1. NR — Not required. Approval may be obtained when requested. 


Note 2. Optional in this case. If low hydrogen approval is not obtained, there is a limitation on the carbon equivalent 
of the steel which is permitted to be welded. 


Note 3. Assumes use of an austenitic, non-transformable, filler material. 


3.1.4 For each strength level, electrodes which have satisfied the requirements for a higher toughness grade are considered 
as complying with the requirements for a lower grade. 


3.1.5 Electrodes approved for normal and higher strength levels up to and including 'Y' are also considered suitable for 


welding steels in the three strength levels below that for which they have been approved. 


3.1.6 Electrodes approved for strength levels Y40 to Y50, but excluding Y47 are also considered suitable for welding steels in 
two strength levels below that for which they have been approved. 


3.1.7 Electrodes approved for strength levels Y47, Y55 and above are also considered suitable for welding steels in only one 
strength level below that for which they have been approved. 


+ 


3.1.8 Electrodes approved for strength level Y89 are considered suitable for this strength level only. 


3.1.9 Electrodes approved for strength level Y96 are also considered suitable for welding steels in one strength level below 
that for which they have been approved. 


3.1.10 | The welding current used is to be within the range recommended by the manufacturer and, where an electrode is stated 
to be suitable for both a.c. and d.c., a.c. is to be used for the preparation of the test assemblies. 


3.1.14 Where an electrode is submitted only for approval for fillet welding and to which the butt weld test provided in Ch 177, 
3.3 Butt weld test assemblies is not considered applicable, approval tests are to consist of the fillet weld tests as given in Ch 17, 
3.5 Fillet weld test assemblies and deposited metal tests with chemical analyses as given in Ch 71, 3.2 Deposited metal test 
assemblies. 


3.2 Deposited metal test assemblies 


3.2.1 The deposited metal test assemblies are to be prepared in the downhand position as shown in Figure 17.3.1 Deposited 
metal test assembly, one with 4 mm diameter electrodes and the other with 8 mm diameter electrodes, or the largest size 
manufactured if this is less than 8 mm diameter. If an electrode is available in one diameter only, one test assembly is sufficient. 
Any of the grades of steel in Table 11.7.1 Welding consumable grades appropriate to structural and low temperature service steel 
grades may be used for the preparation of these assemblies, up to a strength level which is not more than two levels above that 
for which approval is sought. 
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Charpy V-notch 
specimens taken at 
mid depth of weld 


Notch perpendicular 
to surface of plate 


Tensile 


Chemical 
analysis 


Line of cut for 
tensile test 


3450/03 


Figure 11.3.1 Deposited metal test assembly 


3.2.2 For Y47 grades, as an alternative to Figure 11.3.1 Deposited metal test assembly, the thickness of the plate used for the 
test assembly may be taken as 50 mm. 


3.2.3 The weld metal is to be deposited in single- or multi-run layers according to normal practice, and the direction of 
deposition of each layer is to alternate from each end of the plate, each run of weld metal being not less than 2 mm and not more 
than 4 mm thick. Between each run, the assembly is to be left in still air until it has cooled to less than 250°C, the temperature 
being taken in the centre of the weld, on the surface of the seam. After being welded, the test assemblies are not to be subjected 
to any heat treatment, except in those higher strength grades where it is considered necessary to use the welded joint in the 
stress-relieved (tempered) condition. In those cases, the code ‘sr' will be added to the approval grading. 


3.2.4 The chemical analysis of the deposited weld metal in each deposited metal test assembly is to be supplied by the 
manufacturer and is to include the content of all significant alloying elements. The results of the analysis are not to exceed the limit 
values specified in the standards or by the manufacturer, the narrower tolerances being applicable in each case. 


3.2.5 One tensile and three impact test specimens are to be taken from each test assembly as shown in Figure 11.3.7 
Deposited metal test assembly. Care is to be taken that the axis of the tensile test specimen coincides with the centre of the weld 
and the mid-thickness of the plates. The impact test specimens are to be cut perpendicular to the weld, with their axes 10 mm 
from the upper surface. The notch is to be positioned in the centre of the weld and cut in the face of the test specimen 
perpendicular to the surface of the plate. 


3.2.6 The results of all tests are to comply with the requirements of Table 11.3.2 Requirements for deposited metal tests 
(covered electrodes) as appropriate. 


Table 11.3.2 Requirements for deposited metal tests (covered electrodes) 


Grade (see Note 3) 


Yield stress N/mm? 
minimum 


Tensile strength 
N/mm2 
(see Note 1) 


Elongation on 50 mm 
% minimum 


Charpy V-notch impact tests 


Test temperature °C 


Average energy 
(see Note 2) 
J minimum 


1N, 2N, 3N 
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TY, 2Y, 3Y, 4Y 490 —- 660 +20, 0, —20, -40 


2Y40, 3Y40, 4Y40, 510 — 690 0, -20, -40, -60 
5SY40 


38Y47 570 — 720 


8Y40 510 — 690 
3Y42 520 — 680 
3Y46 540 — 720 
3Y50 590 — 770 
8Y55 640 — 820 
3Y62 700 — 890 
3Y69 770 — 940 


8Y89 940 -1100 


3Y96 980 -1150 


4Y40 510 - 690 
4Y42 520 — 680 
4Y46 540 — 720 
4Y50 590 — 770 
4Y55 640 — 820 
4Y62 700 — 890 
4Y69 770 — 940 


4Y89 940 - 1100 


4Y96 980 - 1150 


5Y40 510 - 690 
5Y42 520 - 680 
5Y46 540 - 720 
5Y50 590 - 770 
5Y55 640 - 820 
5Y62 700 — 890 
5Y69 770 - 940 
11/5Ni 375 490 — 640 


21/,Ni 375 490 - 640 


3'/oNi 375 490 - 610 


5 Ni 400 540 — 740 


9 Ni 400 640 — 790 


Note 1. Single values are the minimum requirements. 
Note 2. Energy values from individual impact test specimens are to comply with Ch 17, 1.4 Approval procedures 1.4.3. 


Note 3. Grade 1Y is not applicable to SMAW consumables referenced in Ch 11, 3 Electrodes for manual and gravity welding. 
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3.3 Butt weld test assemblies 


3.3.1 Butt weld assemblies, as shown in Figure 11.3.2 Butt weld test assembly, are to be prepared for each welding position 
(downhand, horizontal-vertical, vertical-upward, vertical-downward, and overhead) for which the electrode is recommended by the 
manufacturer. In the case of electrodes for normal strength and higher strength steels (up to 355 N/mm? minimum specified yield 
strength), electrodes satisfying the requirements for downhand and vertical-upward positions will be considered as also complying 
with the requirements for the horizontal-vertical position. In all other cases, approval for the horizontal-vertical position will require a 
butt weld to be made in that position and fully tested. 
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Figure 11.3.2 Butt weld test assembly 
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3.3.2 For Y47 grades, as an alternative to Figure 11.3.2 Butt weld test assembly, the thickness of the plate used for the test 
assembly may be taken as 50 mm. 


3.3.3 Where the electrode is to be approved only in the downhand position, an additional test assembly is to be prepared in 
that position. 


3.3.4 The grades of steel used for the preparation of the test assemblies are to be as follows: 


Grade 1 (1N) electrodes A 
Grade 2 (2N) electrodes A, B or D 
Grade 3 3(N) electrodes A, B, DorE 
Grade 2Y electrodes AH82, AH36, DH32 or DH36 
Grade 3Y electrodes AH32, AH36, DH32, DH36, 
EH32 or EH36 
Grade 4Y electrodes AH32 
AH86, DH32, DH36, EH32, 
EH36, FH32 or FH36 
Grade 2Y40 electrodes AH40 or DH40 
Grade 3Y40 electrodes AH40, DH40 or EH40 
Grade 4Y40 electrodes AH40, DH40, EH40 or FH40 
Grade 5Y40 electrodes AH40, DH40, EH40 or FH40 
Grade 3Y47 electrodes EH47 


Where Grade 32 higher tensile steel is used, the tensile strength is to be not less than 490 N/mm2. The chemical composition, 
including the content of grain refining elements, is to be reported in all cases where higher tensile steel is used. 


3.3.5 For all other grades, the steel plates used are to be selected by reference to Table 17.1.1 Welding consumable grades 
appropriate to structural and low temperature service stee/ grades, and are to have at least their chemical composition and tensile 
properties within the limits specified for that grade in Ch 3 Rolled Stee! Plates, Strip, Sections and Bars. The strength grade used 
is to be the same as that for which approval is sought, and the toughness grade is to be no higher than that for which approval is 
also sought. 


3.3.6 The test assemblies are to be made by welding together two plates of equal thickness (15 to 20 mm), not less than 100 
mm in width and of sufficient length to allow the cutting out of test specimens of the prescribed number and size. The plate edges 
are to be prepared to form a single V-joint, the included angle between the fusion faces being 60° and the root gap 2 to 3 mm. 
The root face is to be 0 to 2 mm. 


3.3.7 The following welding procedure is to be adopted in making the test assemblies: 


Downhand (a). The first run with 4 mm diameter electrode. Remaining runs (except the last two layers) with 5 mm diameter 
electrodes or above according to the normal welding practice with the electrodes. The runs of the last two layers with the largest 
diameter of electrode manufactured or 8 mm whichever is the lesser. 


Downhand (b) (where a second downhand test is required). First run with 4 mm diameter electrode. Next run with an electrode of 
intermediate diameter of 5 mm or 6 mm, and the remaining runs with the largest diameter of electrode manufactured or 8 mm 
whichever is the lesser. 


Horizontal-vertical. First run with 4 mm or 5 mm diameter electrode. Subsequent runs with 5 mm diameter electrodes. 


Vertical-upward and overhead. First run with 3,25 mm diameter electrode. Remaining runs with 4 mm diameter electrodes or 
possibly with 5 mm if this is recommended by the manufacturer for the positions concerned. 


Vertical-downward. If the electrode being tested is intended for vertical welding in the downward direction, this technique is to 
be adopted for the preparation of the test assembly using electrode diameters as recommended by the manufacturer. 


3.3.8 For all assemblies, the back sealing runs are to be made with 4 mm diameter electrodes in the welding position 
appropriate to each test sample, after cutting out the root run to clean metal. For electrodes suitable for downhand welding only, 
the test assemblies may be turned over to carry out the back sealing run. 
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3.3.9 Normal welding practice is to be used and, between each run, the assembly is to be left in still air until it has cooled to 
less than 250°C, the temperature being taken in the centre of the weld, on the surface of the seam. After being welded, the test 
assemblies are not to be subjected to any heat treatment, except in those higher strength grades where it is considered necessary 
to use the welded joint in the stress-relieved (tempered) condition. In those cases, the code ‘sr’ will be added to the approval 
grading. 


3.3.10 It is recommended that the welded assemblies be subjected to a radiographic examination to ascertain if there are any 
defects in the weld prior to the preparation of test specimens. 


3.3.11. The test specimens as shown in Figure 11.3.2 Butt weld test assembly and Figure 11.3.3 Butt weld test assembly 
position of impact test specimens are to be prepared from each test assembly. 


Notch perpendicular Test specimen taken from 
to surface of plate middle of plate thickness 


E 
E 
i=) 
? 
= 


Figure 11.3.3 Butt weld test assembly position of impact test specimens 


3.3.12 The results of all tensile and impact tests are to comply with the requirements of Table 11.3.3 Requirements for butt 
weld tests (covered electrodes) as appropriate. The position of fracture in the transverse tensile test is to be reported. 


Table 11.3.3 Requirements for butt weld tests (covered electrodes) 


Grade (see Note 3) Tensile strength Bend test ratio: Charpy V-notch impact tests 
N/mm2 


Test temperature Average energy 
°C (see Note 1) 
J minimum 


All positions 
(see Note 2) 


1N, 2N, 3N \ +20, 0, -20 47 (34) 


1Y, 2Y, 3Y, 4Y | +20, 0, -20, -40 47 (34) 


2Y40, 3Y40, 4Y40, 5Y40 0, -20, -40, -60 47 (39) 


3Y47 570 - 720 


510 


520 — 680 


540 — 720 


590 — 770 


640 - 820 
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700 — 890 
770 — 940 
940 
980 


510 


520 — 680 


540 — 720 
590 — 770 
640 — 820 
700 — 890 
770 — 940 


940 


980 


510 


520 — 680 


540 — 720 


590 - 770 


640 — 820 
700 — 890 


770-940 


Note 1. Energy values from individual impact test specimens are to comply with Ch 77, 1.4 Approval procedures 1.4.3. 


Note 2. Values in () apply only to welds made in the vertical position with upward progression. 


Note 3. Grade 1Y is not applicable to SMAW consumables referenced in Ch 11, 3 Electrodes for manual and gravity welding. 


3.3.13 The bend test specimens can be considered as complying with the requirements if, after bending, no crack or other 
open defect exceeding 3 mm in dimensions can be seen on the outer surface. 


3.4 Hydrogen test 


3.4.1 The hydrogen gradings are specified in Ch 71, 3.1 Grading 3.1.3. The hydrogen grading required determines the 
method of testing permitted as shown in Table 11.3.4 Permitted methods for obtaining low hydrogen grading. Four test specimens 
are to be prepared and tested, and all four hydrogen test results must be below the maximum value for the hydrogen mark 
required. 
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Table 11.3.4 Permitted methods for obtaining low hydrogen grading 


Hydrogen Grade Permitted Method 


H15 ISO 3690 (Mercury or Thermal 
Conductivity Detector Method) 
Or Glycerine (See Note) 


ISO 3690 (Mercury or Thermal 
Conductivity Detector Method) 


ISO 3690 (Mercury or Thermal 
Conductivity Detector Method) 


Note ISO method preferred. 


3.4.2 The minimum holding time at a given test temperature for Thermal Conductivity Method should be as shown in Table 
11.3.5 Temperature and minimum holding time. 


Table 11.3.5 Temperature and minimum holding time 


Measuring Method Test Temperature (°C) Minimum Holding Time (h) 


Thermal Conductivity Method 45 72 
Gas Chromatography 
(see Note 1) 6 


Note 1. The use of hot carrier gas extraction method will be specially considered subject to verification of testing procedure to confirm 
that collection and measurement of the hydrogen occurs continuously until all the diffusible hydrogen is quantified. 


3.5 Fillet weld test assemblies 


3.5.1 Fillet weld assemblies as shown in Figure 11.3.4 Fillet weld test assembly are to be prepared for each welding position 
(horizontal-vertical, vertical-upward, vertical-downward or overhead) for which the electrode is recommended by the manufacturer. 
The grade of steel used for the test assemblies is to be as detailed in Ch 77, 3.3 Butt weld test assemblies 3.3.4. The length of the 
test assembly, L, is to be sufficient to allow at least the deposition of the entire length of the largest diameter electrode being 
tested. Where an electrode is submitted for approval of both butt and fillet welding, approval tests are to include the deposited 
metal tests as given in Ch 71, 3.2 Deposited metal test assemblies, the butt weld tests as given in Ch 717, 3.3 Butt weld test 
assemblies, and only one fillet weld test as given in subsequent paragraphs of this sub-Section welded in the horizontal-vertical 
position. 
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Figure 11.3.4 Fillet weld test assembly 


8.5.2 For Y47 grades, as an alternative to Figure 11.3.4 Fillet weld test assembly, the thickness of the plate used for the test 
assembly may be taken as 50 mm. 


3.5.3 The electrode sizes to be used are the maximum and minimum diameters recommended by the manufacturer for fillet 
welding. The first side is to be welded using the maximum diameter. The second side is to be welded only after the assembly has 
been allowed to cool below 50°C using the minimum diameter. The size of these single run fillet welds will, in general, be 
determined by the electrode size and the welding current employed during testing and should represent the range of fillet weld 
bead sizes recommended by the manufacturer. 


3.5.4 Each test assembly is to be sectioned to form three macro-sections, each about 25 mm thick. These are to be 
examined for root penetration, satisfactory profile, freedom from cracking and reasonable freedom from porosity and slag 
inclusions. Any undercut is not to exceed 0,5 mm in depth. Convexity or concavity of the profile is not to exceed one-tenth of the 
fillet bead throat dimension. All such observations are to be reported. 


Position of 
hardness tests 


3450/04 


Figure 11.3.5 Hardness tests for fillet weld test assembly 


3.5.5 Hardness measurements are to be made on the central macro-section only, as shown in Figure 11.3.5 Hardness tests 
for fillet weld test assembly. The results are to be reported. 


3.5.6 One of the remaining sections of the assembly is to have the weld on the first side gouged or machined to facilitate 
breaking the fillet weld on the second side by closing the two plates together, subjecting the root of the weld to tension. On the 
other remaining section, the weld on the second side is to be gouged or machined and the section fractured using the same 
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procedure. The fractured surfaces are to be examined. They are to show satisfactory penetration, freedom from cracks and 
reasonable freedom from porosity and this should be reported. 


3.6 Electrodes designed for deep penetration welding 


3.6.1 Where an electrode is designed solely for the deep penetration welding of downhand butt joints and horizontal-vertical 
fillets in normal tensile strength steel, only the tests detailed in Ch 17, 3.7 Deep penetration butt weld test assemblies and Ch 17, 
3.8 Deep penetration fillet weld test assemblies are required for approval purposes. 


3.6.2 Electrodes designed solely for the deep penetration welding technique will be approved as complying with Grade 1 
requirements only and will be given the suffix ‘p'. 


3.6.3 Where a manufacturer recommends that an electrode having deep penetrating properties can also be used for 
downhand butt welding of thicker plates with prepared edges, the electrode will be treated as a normal penetration electrode, and 
the full series of tests in the downhand position is to be carried out, together with the deep penetration tests given in Ch 17, 3.7 
Deep penetration butt weld test assemblies and Ch 11, 3.8 Deep penetration fillet weld test assemblies. 


3.6.4 Where a manufacturer desires to demonstrate that an electrode, in addition to its use as a normal penetration electrode, 
also has deep penetrating properties when used for downhand butt welding and horizontal fillet welding, the additional tests given 
in Ch 11, 3.7 Deep penetration butt weld test assemblies and Ch 11, 3.8 Deep penetration fillet weld test assemblies are to be 
carried out. 


3.6.5 Electrodes approved for both normal and deep penetration welding will have the suffix 'p' added after the appropriate 
grade mark for normal penetration welding. 


3.6.6 Where the manufacturer prescribes a different welding current and procedure for the electrode when used as a deep 
penetration electrode and a normal penetration electrode, the recommended current and procedure are to be used when making 
the test assemblies in each case. 


3.7 Deep penetration butt weld test assemblies 


3.7.1 Two plates of thickness equal to twice the diameter of the core of the electrode plus 2 mm are to be butt welded 
together with one downhand run of welding from each side. The plates are to be not less than 100 mm wide and of sufficient 
length to allow the cutting out of the test specimens of the correct number and size as shown in Figure 17.3.6 Deep penetration 
butt weld test assembly. Grade A steel is to be used for these test assemblies. The joint edges are to be prepared square and 
smooth and, after tacking, the gap is not to exceed 0,25 mm. The test assembly is to be welded using an 8 mm diameter 
electrode, or the largest diameter manufactured if this is less than 8 mm and the assembly is to be allowed to cool below 50°C 
between runs. 


3.7.2 The test specimens as shown in Figure 17.3.3 Butt weld test assembly position of impact test specimens and Figure 
11.3.6 Deep penetration butt weld test assembly are to be prepared from each test assembly. 
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Figure 11.3.6 Deep penetration butt weld test assembly 


3.7.3 The results of tensile and impact tests are to comply with the requirements of Table 11.3.3 Requirements for butt weld 
tests (covered electrodes) for Grade 1 electrodes. The position of fracture in the tensile test is to be reported. The bend test 
specimens are to be in accordance with Ch 77, 3.3 Butt weld test assemblies 3.3.13. 


3.7.4 The discards at the end of the welded assemblies are to be not more than 35 mm wide. The joints of these discards are 
to be polished and etched and must show complete fusion and inter-penetration of the weld beads. At each cut in the test 
assembly, the joints are also to be examined to ensure that complete fusion has taken place. 
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3.8 Deep penetration fillet weld test assemblies 


3.8.1 A fillet weld assembly is to be prepared as shown in Figure 11.3.7 Deep penetration fillet weld test assembly with plates 
about 12,5 mm in thickness. The welding is to be carried out with one run for each fillet with plate A in the horizontal plane during 
the welding operations. The length of the fillet is to be 160 mm and the gap between the plates is to be not more than 0,25 mm. 
Grade A steel is to be used for these test assemblies. 


4 mm electrode 


Maximum size of 
electrode manufactured 


Plate A 


4mm min. Penetration to 12,5mm 
be reported 


Figure 11.3.7 Deep penetration fillet weld test assembly 


3.8.2 The fillet weld on one side of the assembly is to be carried out with a 4 mm diameter electrode, and that on the other 
side with the maximum diameter of electrode manufactured. The welding current used is to be within the range recommended by 
the manufacturer, and the welding is to be carried out using normal welding practice except that the assembly is to be allowed to 
cool below 50°C between runs. 


3.8.3 The welded assembly is to be cut by sawing or machining within 35 mm of the ends of the fillet welds, and the joints are 
to be polished and etched. The welding of the fillet made with a 4 mm diameter electrode is to show a penetration of 4 mm (see 
Figure 11.3.7 Deep penetration fillet weld test assembly) and the corresponding penetration of the fillet made with the maximum 
diameter of electrode manufactured is to be reported. 


3.9 Electrodes designed for gravity or contact welding 


3.9.1 Approval for welding using the gravity, “G', technique is available for welding only normal strength and higher tensile 
steels up to and including Grade 36. 


3.9.2 Where an electrode is submitted solely for approval for use in contact welding using automatic gravity or similar welding 
devices, deposited metal tests, butt weld tests and, where appropriate, fillet weld tests similar to those for normal manual 
electrodes are to be carried out using the process for which the electrode is recommended by the manufacturer. 


3.9.3 Where an electrode is submitted for approval for use in contact welding using automatic gravity or similar welding 
devices in addition to normal manual welding, butt weld and, where appropriate, fillet weld tests, using the gravity or other contact 
device as recommended by the manufacturer, are to be carried out in addition to the normal approval tests. 


3.10 Annual tests 


3.10.1 For normal penetration electrodes, the annual tests are to consist of two deposited metal test assemblies. These are to 
be prepared and tested in accordance with Ch 11, 3.2 Deposited metal test assemblies. If an electrode is available in one 
diameter only, one test assembly is sufficient. 


3.10.2 | Where an electrode is approved solely for deep penetration welding, the annual test is to consist of one butt welded test 
assembly. This is to be prepared and tested in accordance with Ch 77, 3.7 Deep penetration butt weld test assemblies. 
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3.10.3. Where an electrode is approved for both normal and deep penetration welding, annual tests as detailed in Ch 77, 3.10 
Annual tests 3.10.1 and Ch 11, 3.10 Annual tests 3.10.2 are to be carried out. 


3.10.4 | Where an electrode is approved solely for gravity or contact welding, the annual test is to consist of one deposited metal 
test assembly using the gravity or other contact device as recommended by the manufacturer. 


3.10.5 Where an electrode is approved for both manual and gravity welding, annual tests as detailed in Ch 71, 3.70 Annual 
tests 3.10.1 and Ch 11, 3.10 Annual tests 3.10.4 are to be carried out. 


3.10.6 | A hydrogen test is required for Y89 and Y96 grades. 


a Section 4 
Wire-flux combinations for submerged-arc automatic welding 


4.1 General 


4.4.1 Wire-flux combinations for single and multiple electrode submerged-arc automatic welding, without the use of 
temporary backing, are divided into the following two categories: 

e For use with the multi-run technique. 

e For use with the two-run technique. 


Where particular wire-flux combinations are intended for welding with both techniques, tests are to be carried out for each 
technique. 


4.1.2 Dependent on the results of mechanical and other tests, approval will be allocated as one of the grades from Table 
11.1.1 Welding consumable grades appropriate to structural and low temperature service steel grades. 


4.1.3 The suffixes T or M will be added after the grade mark to indicate approval for the two-run technique or multi-run 
technique respectively. 


4.1.4 Wire-flux combinations satisfying the requirements for multi-run or two-run techniques will also be approved for fillet 
welding in the downhand and horizontal-vertical position, subject to agreement by the manufacturer. 


4.1.5 If the consumable combination is in compliance with the requirements of the hydrogen test given in Ch 77, 3.4 
Hydrogen test, a suffix H15, H10, or H5 will be added to the grade. Table 17.4.1 Minimum low hydrogen approval requirements 
for wire-flux combinations shows the mandatory levels of low hydrogen approval for the various approval grades. 


Table 11.4.1 Minimum low hydrogen approval requirements for wire-flux combinations 


Approval grade 'H' grade for 'H' grade for Two-run 
Multi-run 


1 (1N), 2 (2N), 3 (8N) NR 


TY, 2Y, 3Y, 4Y NR 
2Y40 to 5Y40 


3Y47 


3Y42 


3Y46 
3Y50 
3Y55 
3Y62 


3Y69 


3Y89 
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5 Ni (see Note 2) NR 


9 Ni (see Note 2) NR 


Note 1. NR — Not required. Approval can be obtained when requested. 


Note 2. Assumes use of an austenitic, non-transformable, filler material. 


4.1.6 For each strength level, wire-flux combinations which have satisfied the requirements for a higher toughness grade are 
considered as complying with the requirements for a lower grade. 


4.1.7 Wire-flux combinations approved with multi-run technique for normal and higher strength levels up to and including 'Y' 
are also considered suitable for welding steels in the three strength levels below that for which they have been approved. 


4.1.8 Wire-flux combinations approved with multi-run technique for strength levels Y40 to Y50, but excluding Y47 are also 
considered suitable for welding steels in two strength levels below that for which they have been approved. 


4.1.9 Wire-flux combinations approved with multi-run technique for strength levels Y47, Y55 and above are also considered 
suitable for welding steels in only one strength level below that for which they have been approved. 


4.1.10 Wire-flux combinations approved with multi-run technique for strength level Y89 are considered suitable for welding 
steels only in this strength level. 


4.1.11 Wire-flux combinations approved with multi-run technique for strength level Y96 are also considered suitable for welding 
steels in one strength level below that for which they have been approved. 


4.1.12  Wire-flux combinations with two-run technique approval are not considered suitable for welding steels of any other 
strength level with that technique, see Ch 11, 4.5 Approval tests for two-run technique 4.5.1. 


4.1.13 | The welding current may be either a.c. or d.c. (electrode positive or negative) according to the recommendation of the 
manufacturer. If both a.c. and d.c. are recommended, a.c. is to be used for the tests. 


4.1.14  Wire-flux combinations for multiple electrode submerged-arc welding will be subject to separate approval tests. These 
are to be carried out generally in accordance with the requirements of this Section. 


4.1.15  Wire-flux combinations are not naturally low hydrogen in character, but for the lower strength grades of steel low 
hydrogen testing is not normally a requirement for approval. With higher strength steels it is more important and Table 71.4.1 
Minimum low hydrogen approval requirements for wire-flux combinations shows the mandatory minimum low hydrogen status 
required for approval of wire-flux combinations. 


4.2 Approval tests for multi-run technique 

4.2.1 Where approval for use with the multi-run technique is requested, deposited metal and butt weld tests are to be carried 
out. 

4.3 Deposited metal test assemblies (multi-run technique) 

4.3.1 One deposited metal test assembly is to be prepared as shown in Figure 11.4.1 Deposited metal test assembly, using 


any of the grades of steel in Table 11.1.7 Welding consumable grades appropriate to structural and low temperature service steel 
grades up to a strength level which is not more than two levels above that for which approval is sought. 
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Figure 11.4.1 Deposited metal test assembly 


4.3.2 For Y47 grades, as an alternative to Figure 11.4.1 Deposited metal test assembly, the thickness of the plate used for the 
test assembly may be taken as 50 mm. 


4.3.3 The bevelling of the plate edges is to be carried out by machining or mechanised gas cutting. In the latter case any 
remaining scale is to be removed from the bevelled edges. 
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4.3.4 Welding is to be in the downhand position, and the direction of deposition of each run is to alternate from each end of 
the plate. After completion of each run, the flux and welding slag are to be removed. Between each run, the assembly is to be left 
in still air until it has cooled to less than 250°C, the temperature being taken in the centre of the weld, on the surface of the seam. 
The thickness of the layer is to be not less than the diameter of the wire nor less than 4 mm, unless it is clearly stated as part of 
the consumable manufacturer's published recommendations. 


4.3.5 The welding conditions (amperage, voltage and rate of travel) are to be in accordance with the recommendations of the 
manufacturer and are to conform with normal good welding practice for multi-run welding. 


4.3.6 The chemical analysis of the deposited weld metal in each test assembly is to be supplied by the manufacturer and is to 
include the content of all significant alloying elements. The results of the analysis are not to exceed the limit values specified in the 
standards or by the manufacturer, the narrower tolerances being applicable in each case. 


4.3.7 Two longitudinal tensile and three impact test specimens are to be taken from each test assembly as shown in Figure 
11.4.1 Deposited metal test assembly. Care is to be taken that the axes of the tensile test specimens coincide with the centre of 
the weld and the mid-thickness of the plates. The impact test specimens are to be cut perpendicular to the weld with their axes 10 
mm from the upper surface. The notch is to be positioned in the centre of the weld and cut in the face of the test specimen 
perpendicular to the surface of the plate. 


4.3.8 In those cases where two-run technique approval is also sought, only one longitudinal tensile specimen need be 
prepared and tested from this assembly. 


4.3.9 The results of all tests are to comply with the requirements of Table 17.4.2 Requirements for deposited metal tests (wire- 
flux combinations), aS appropriate. 


Table 11.4.2 Requirements for deposited metal tests (wire-flux combinations) 


Yield stress N/mm? Tensile strength Elongation on 50 mm % Charpy V-notch impact tests 


minimum N/mm? minimum 


Average energy (see 


Test temperature °C 
4 Note) J minimum 


1N, 2N, 3N 400 — 560 +20, 0, -20 34 


TY, 2Y, 3Y, 4Y 490 — 660 +20, 0, -20, -40 34 


2Y40, 3Y40, 4Y40, | 510 — 690 0, -20, -40, -60 39 
5Y40 


3Y47 . 570 — 720 64 


3Y40 J 510 - 690 39 


8Y42 | 520 — 680 47 


3Y46 | 540 — 720 47 


3Y50 590 — 770 50 


8Y55 640 — 820 55 
38Y62 700 — 890 62 
3Y69 770 — 940 69 
3Y89 940 — 1100 69 


3Y96 980 - 1150 69 


4Y40 | 510 — 690 39 


4Y42 | 520 — 680 47 


4Y46 | 540 - 720 47 


4Y50 590 — 770 50 


4Y55 640 — 830 55 
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700 — 890 18 
770 — 940 17 
940 — 1100 14 


980 - 1150 13 


5Y40 | 510 — 690 22 


5Y42 520 — 680 20 


5Y46 . 540 — 720 20 


5Y50 590 — 770 18 


5Y55 640 — 820 18 
5SY62 700 — 890 18 


5Y69 770 — 940 17 


1"7/Ni 490-640 22 


2'/4Ni 490-640 22 


31/Ni 490 - 610 25 -100 


5 Ni | 540-740 25 -120 


9 Ni | 640-790 25 -196 


Note Energy values from individual impact test specimens are to comply with Ch 71, 7.4 Approval procedures 1.4.3. 


4.4 Butt weld test assemblies (multi-run technique) 


4.4.4 One butt weld test assembly is to be prepared as shown in Figure 11.4.2 Butt weld test assembly (multi-run technique). 


4.4.2 The grade of steel used for the preparation of the test assembly are to be as follows: 


Grade 1 wire-flux combination A 

Grade 2 wire-flux combinations A, B or D 

Grade 3 wire-flux combinations A,B, DorE 

Grade 1Y wire-flux combination AH382 or AH36 

Grade 2Y wire-flux combinations AH32, AH386, DH32 or DH36 


Grade 3Y wire-flux combinations AH32, AH36, DH32, DH36, EH32 or 
EH36 


Grade 4Y wire-flux combinations AH32, AH36, DH32, DH36, EH32, 
EH36, FH82 or FH36 


Grade 2Y40 wire-flux AH40 or DH40 
combination 
Grade 3Y40 wire-flux AH40, DH40 or EH40 


combinations 


Grade 4Y40 wire-flux AH40, DH40, EH40 or FH40 
combinations 


Grade 5Y40 wire-flux AH40, DH40, EH40 or FH40 
combinations 


Grade 3Y47 wire-flux EH47 


combinations 
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Where Grade 32 higher tensile steel is used, the tensile strength is to be not less than 490 N/mm2. The chemical composition, 
including the content of grain refining elements, is to be reported in all cases where higher tensile steel is used. 
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150 mm min. 150 mm min. 


Figure 11.4.2 Butt weld test assembly (multi-run technique) 
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4.4.3 For all other grades, the steel plates used are to be selected by reference to Table 17.1.1 Welding consumable grades 
appropriate to structural and low temperature service steel grades, and are to have at least their chemical composition and tensile 
properties within the limits specified for that grade in Ch 3 Rolled Stee! Plates, Strip, Sections and Bars. The strength grade used 
is to be the same as that for which approval is sought, and the toughness grade is to be no higher than that for which approval is 
also sought. 


4.4.4 The plate edges are to be prepared to form a single V-joint, the included angle between the fusion faces being 60° and 
the root face being 4 mm. The bevelling of the plate edges is to be carried out by machining or mechanised gas cutting. In the 
latter case, any remaining scale is to be removed from bevelled edges. 


4.4.5 Welding is to be carried out in the downhand position by the multi-run technique, and the welding conditions are to be 
the same as those adopted for the deposited metal test assembly. The back sealing run is to be applied in the downhand position 
after cutting out the root run to clean metal. 


4.4.6 It is recommended that the welded assembly be subjected to a radiographic examination to ascertain if there are any 
defects in the weld prior to the preparation of test specimens. 


4.4.7 The test specimens as shown in Figure 11.3.3 Butt weld test assembly position of impact test specimens and Figure 
11.4.2 Butt weld test assembly (multi-run technique) are to be prepared from each test assembly. 


4.4.8 The results of all tensile and impact tests are to comply with the requirements of Table 11.4.3 Requirements for butt 
weld tests (wire-flux combinations), as appropriate. The position of fracture of the transverse tensile test is to be reported. 


Table 11.4.3 Requirements for butt weld tests (wire-flux combinations) 


Tensile strength N/mm2 Charpy V-notch impact tests 


Bend test ratio: 2 


Average energy (see Notes 


Test temperature °C 
. 1 and 2) J minimum 


1N, 2N, 3N 400 +20, 0, -20 34 
TY, 2Y, 3Y, 4Y 490 +20, 0, -20, -40 34 


2Y40, 3Y40, 4Y40, 5Y40 510 0, -20, -40, -60 39 


3Y47 570 — 720 64 


3Y40 510 39 


3Y42 520 — 680 


3Y46 540 — 720 
3Y50 590 — 770 
3Y55 640 — 820 
3Y62 700 — 890 
3Y69 770 — 940 
3Y89 940 


3Y96 980 


4Y40 510 


4Y42 520 — 680 


A4Y46 540 - 720 
4Y50 590 —- 770 
4Y55 640 — 820 


4Y62 700 — 890 


4Y69 770 — 940 
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4Y89 940 


4Y96 980 


5Y40 510 


5Y42 520 — 680 


5Y46 540 — 720 
SY50 590 — 770 
SY55 640 — 820 
5Y62 700 — 890 


5Y69 770 — 940 


11/oNi 490 
21/4Ni 490 
31/oNi 490 -100 


5 Ni 540 -120 


9 Ni 640 -196 


Note 1. Energy values from individual impact test specimens are to comply with Ch 117, 1.4 Approval procedures 71.4.3. 


Note 2. Values in () apply only to two-run technique impact test specimens. 


4.4.9 The bend test specimens can be considered as complying with the requirements if, after bending, no cracks or other 
open defects exceeding 3 mm in dimension can be seen on the outer surface. 


4.5 Approval tests for two-run technique 


4.5.1 Where approval for use with the two-run technique is requested, two butt weld test assemblies are to be prepared and 
tested using plates of the strength level for which approval is required. Each strength level requires separate approval. 


4.5.2 Two welded assemblies are to be made from a pair of plates of matching thicknesses. The thickness of the thicker pair 
of plates will be the maximum for which the approval is valid. The second assembly is to be welded from plates having 
approximately half of the thickness of the first assembly. 


4.6 Butt weld test assemblies (two-run technique) 


4.6.1 The grade of steel used for the preparation of the test assemblies is not to be of any higher grade (impact toughness) 
than that for which approval is required. The chemical composition, including the content of grain refining elements, and the 
strength properties of the plates used, are to be reported. 


4.6.2 The maximum diameter of wire and the edge preparation to be used are to be in accordance with Table 11.4.4 Butt 
weld assembly preparation. Small deviations in the edge preparation may be allowed if requested by the manufacturer. The 
bevelling of the plate edges is to be performed by machining or mechanized gas cutting. In the latter case, any remaining scale is 
to be removed from the bevelled edges. The root gap should not exceed 0,7 mm. 


Table 11.4.4 Butt weld assembly preparation 


Maximum 
diameter of wire 
mm 


Plate thickness Recommended 
mm edge preparation 


a 
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4 
a 
8mm min 


20-25 


— 


8 


35-40 


7mm min. 


4.6.3 Each butt weld is to be welded in two runs, one from each side, using amperages, voltages and travel speeds in 
accordance with the recommendations of the manufacturer and normal good welding practice. After completion of the first run, 
the flux and welding slag are to be removed and the assembly is to be left in still air until it has cooled to less than 100°C, the 
temperature being taken in the centre of the weld, on the surface of the seam. 


4.6.4 It is recommended that the butt weld assemblies be subjected to radiographic examination to ascertain if there are any 
defects in the weld prior to the preparation of test specimens. 


4.6.5 The test specimens, as shown in Figure 17.4.3 Butt weld test assembly (two-run technique) and Figure 11.4.4 Butt weld 
test assembly (two-run technique): position of impact test specimens, are to be prepared from each test assembly, except as 
detailed in Ch 11, 4.6 Butt weld test assemblies (two-run technique) 4.6.8. The edges of two of the discards are to be polished 
and etched, and must show complete fusion and inter-run penetration of the welds. At each cut in the test assembly, the edges 
are also to be examined to ensure that complete fusion has taken place. 
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Discard 


Charpy V-notch 


Longitudinal tensile 


J 150 mm min. 150 mm min. 


5119/01 


Figure 11.4.3 Butt weld test assembly (two-run technique) 
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Figure 11.4.4 Butt weld test assembly (two-run technique): position of impact test specimens 


4.6.6 The results of transverse tensile and impact tests are to comply with the requirements of Table 11.4.3 Requirements for 
butt weld tests (wire-flux combinations) as appropriate. The position of fracture of the transverse tensile tests is to be reported. 


4.6.7 The bend test specimens can be considered as complying with the requirements if, after bending, no crack or other 
open defects exceeding 3 mm in dimensions can be seen on the outer surface. One of the specimens from each assembly is to 
be tested with the side first welded in tension, and the second specimen with the other side in tension. 


4.6.8 The longitudinal tensile specimen shown in Figure 11.4.3 Butt weld test assembly (two-run technique) is to be prepared 
from the thicker assembly, even in those cases where multi-run technique approval is also sought. This test specimen is to be 
machined to the dimensions shown in Ch 77, 2.1 Dimensions of test specimens 2.1.1 and the longitudinal axis is to coincide with 
the centre of the weld about 7 mm below the plate surface on the side from which the second run is made. The test specimen 
may be given a hydrogen release treatment in accordance with Ch 71, 2.1 Dimensions of test specimens 2.1.1. The results of this 
test are to comply with the requirements of Table 17.4.2 Requirements for deposited metal tests (wire-flux combinations). 


4.6.9 The chemical analysis of the weld metal of the second run in each assembly is to be determined and reported. This is to 
include the content of all significant elements. The results of the analysis are not to exceed the limit values specified in the 
standards or by the manufacturer, the narrower tolerances being applicable in each case. 


4.7 Annual tests 

4.7.1 Annual tests are to consist of at least the following: 

(a) For wire-flux combinations approved for the multi-run technique, one deposited metal test assembly. 

(ob) For wire-flux combinations approved for the two-run technique, one butt weld test assembly using plate material 20 to 25 


mm in thickness. For Y47, the thickness of plate material may be taken as 50 mm. 
(c) Ahydrogen test for Y89 and Y96 grades. 


4.7.2 The deposited metal assemblies are to be prepared and tested in accordance with Ch 77, 4.3 Deposited metal test 
assemblies (multi-run technique), except that only one longitudinal tensile, three impact test specimens and a chemical analysis 
are required. 


4.7.3 The butt weld test assemblies are to be prepared and tested in accordance with Ch 17, 4.6 Butt weld test assemblies 
(two-run technique), except that only one transverse tensile, two bend, three impact test specimens and a chemical analysis are 
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required. One longitudinal tensile test specimen is also to be prepared where the wire-flux combination is approved solely for the 
two-run technique. 


4.7.4 Where a wire-flux combination is approved for welding a range of steels with different specified minimum strength levels, 
steel of the highest strength approved is to be used for the preparation of the butt weld assembly required by Ch 11, 4.7 Annual 
tests 4.7.1.(b). 


a Section 5 
Wires and wire-gas combinations for manual, semi-automatic and automatic 


welding 
5.1 General 
5.1.1 Wire-gas combinations and flux-cored or flux-coated wires (for use with or without a shielding gas) are divided into the 


following categories for the purposes of approval testing: 


a) For use in manual multi-run welding with the inert gas tungsten arc welding process (GTAW). 
b) For use in semi-automatic multi-run metal arc welding. 

For use in single electrode multi-run automatic metal arc and GTAW welding. 

For use in single electrode two-run automatic metal arc and GTAW welding. 


5.1.2 The term ‘manual’ is used to describe the technique where the gas-shielded tungsten arc torch is held in one hand and 
the filler is added separately by the other hand. 


5.1.3 The term ‘semi-automatic’ is used to describe processes in which the weld is made manually by a welder holding a gun 
through which the wire is continuously fed. 


5.1.4 In the GTAW process, ‘automatic’ refers to the fully mechanized control and application of both torch and separate filler 
wire. 


Slo: Dependent on the results of mechanical and other tests, approval will be allocated as one of the grades from Table 
11.1.1 Welding consumable grades appropriate to structural and low temperature service steel grades. 


5.1.6 A suffix S will be added after the grade mark to indicate approval for semi-automatic multi-run welding. 


5.1.7 For wires intended for automatic welding, the suffixes T or M will be added after the grade mark to indicate approval for 
two-run or multi-run welding techniques, respectively. 


5.1.8 For wires intended for both semi-automatic and automatic welding, the suffixes will be added in combination. 


5.1.9 Solid wire-gas combinations are considered naturally low hydrogen in character and qualify for ‘H15' approval without 
testing. This is not so for cored wires and continuous coated wires which must be tested if there is a need for low hydrogen 
approval. For the lower strength grades of steel, low hydrogen testing is not normally a requirement for approval. With higher 
strength steels, it is more important and Table 11.5.1 Minimum low hydrogen approval requirements for wires and wire-gas 
combinations shows the mandatory minimum low hydrogen status required for approval of wire-gas combinations. 


5.1.10 | The testing methods to be used for low hydrogen approval are to be in accordance with Ch 71, 3.4 Hydrogen test, 
modified to use the manufacturer's recommended welding conditions and adjusting the deposition rate to give a weld deposit 
weight per sample similar to that deposited when using manual electrodes. 


5.1.14 Where applicable, the approved combination will name either the specific gas composition or its trade name, but in 
either case the composition of the shielding gas is to be reported. Unless otherwise agreed, additional approval tests are required 
when a shielding gas is used other than that used for the original approval tests. However a wire and gas combination approved 
with an argon/carbon dioxide shielding gas where the carbon dioxide is between 15-25 per cent is also approved for other 
combinations of argon/carbon dioxide, provided the carbon dioxide content is within the range 15-25 per cent. The range of 
approval is limited to ferritic consumables in solid wire, flux cored and coated wire forms and subject to the agreement of the 
consumable manufacturer and LR. 


5.1.12 Wires and wire-gas combinations for multiple electrode automatic welding will be subject to separate approval tests. 
Any proposals are to be submitted for consideration. 
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5.1.18 | Wires and wire-gas combinations approved with multi-run technique for normal and higher strength levels up to and 
including 'Y' are also considered suitable for welding steels in the three strength levels below that for which they have been 
approved. 


5.1.14 | Wires and wire-gas combinations approved with multi-run technique for strength levels Y40 to Y50, but excluding Y47 
are also considered suitable for welding steels in two strength levels below that for which they have been approved. 


5.1.15 | Wires and wire-gas combinations approved with multi-run technique for strength levels Y47, Y55 and above are also 
considered suitable for welding steels in only one strength level below that for which they have been approved. 


5.1.16 Wires and wire-gas combinations approved with multi-run technique for strength level Y89 are considered suitable for 
welding steels only in this strength level. 


5.1.17 Wires and wire-gas combinations approved with multi-run technique for strength level Y96 are also considered suitable 
for welding steels in one strength level below that for which they have been approved. 


5.1.18 | Wires and wire-gas combinations with two-run technique approval are not considered suitable for welding steels of any 
other strength level with that technique, see Ch 11, 5.4 Approval tests for two-run automatic welding 5.4.1. 


Table 11.5.1 Minimum low hydrogen approval requirements for wires and wire-gas combinations 


Approval grades 'H' grade form andS | 'H' grade for M technique | 'H' grade for T technique 
techniques 


1 (1N), 2 (2N), 3 (BN) NR NR NR 
1Y, 2Y, BY, 4Y H15 (see Note 2) NR NR 
2Y40 to 5Y40 H15 H15 NR 


3Y47 


3Y42 


3Y46 


3Y50 


3Y55 
3Y62 
3Y69 
3Y89 


3Y96 


H15 


H15 


H15 


5 Ni NR (see Note 3) NR 


QNi NR (see Note 3) NR 


Note 1. NR — Not required. Approval may be obtained when requested. 


Note 2. Optional in this case. If low hydrogen approval is not obtained, there is a limitation on the carbon 
equivalent of the steel which is permitted to be welded. 


Note 3. Assumes use of an austenitic, non-transformanble, filler material. 
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5.2 Approval tests for manual and semi-automatic multi-run welding 


5.2.1 Approval tests for manual (GTAW) and semi-automatic multi-run welding are to be carried out generally in accordance 
with the requirements of Ch 17, 3 Electrodes for manual and gravity welding, except as required by Ch 11, 5.2 Approval tests for 
manual and semi-automatic multi-run welding, using the respective technique for the preparation of all test assemblies. 


5.2.2 Two deposited metal test assemblies are to be prepared in the downhand position as shown in Figure 17.3.1 Deposited 
metal test assembly, one using the smallest diameter, and the other using the largest diameter of wire for which approval is 
required. Where only one diameter is manufactured, only one deposited metal assembly is to be prepared. 


5.2.3 For Y47 grades, as an alternative to Figure 11.3.1 Deposited metal test assembly to Figure 11.3.4 Fillet weld test 
assembly, the thickness of the plate used for the test assembly may be taken as 50 mm. 


5.2.4 The weld metal is to be deposited according to the practice recommended by the manufacturer, and the thickness of 
each layer of weld metal is to be between 2 mm and 6 mm, unless it is clearly stated as part of the consumable manufacturer's 
published recommendations. 


5.2.5 The chemical analysis of the deposited weld metal in each test assembly is to be supplied by the manufacturer and is to 
include the content of all significant alloying elements. The results of the analysis are not to exceed the limit values specified in the 
standards or by the manufacturer, the narrower tolerances being applicable in each case. 


5.2.6 Butt weld assemblies as shown in Figure 11.3.2 Butt weld test assembly are to be prepared for each welding position 
for which the wire is to be approved. In the case of approvals for normal and higher strength steels (up to 355 N/mm? minimum 
specified yield strength), tests satisfying the requirements in both the downhand and vertical-upward positions will be considered 
as having also satisfied the requirements for the horizontal-vertical position. In all other cases, approval in the horizontal-vertical 
position will require a butt weld to be made in that position and be fully tested. 


oan The downhand assembly is to be welded using, for the first run, wire of the smallest diameter to be approved and, for 
the remaining runs, wire of the largest diameter to be approved. 


52:8 Where approval is requested only in the downhand position, an additional butt weld assembly is to be prepared in that 
position using, if possible, wires of different diameter from those required by Ch 11, 5.2 Approval tests for manual and semi- 
automatic multi-run welding 5.2.7. lf only one wire diameter is to be approved, this second downhand butt weld should be made 
using either larger or smaller beads than the first assembly. 


5.2.9 The butt weld assemblies, in positions other than downhand, are to be welded using, for the first run, wire of the 
smallest diameter to be approved, and for the remaining runs, the largest diameter of wire recommended by the manufacturer for 
the position concerned. 


5.2.10 — Fillet weld test assemblies as detailed in Ch 117, 3.5 Fillet weld test assemblies are to be prepared, examined and tested. 
5.2.11 Low hydrogen approval tests are to be carried out if required by Ch 71, 5.7 General 5.1.9. 


5.2.12 Test specimens from each assembly are to be prepared and tested in accordance with the requirements of Ch 77, 3.2 
Deposited metal test assemblies and Ch 11, 3.3 Butt weld test assemblies. 


5.3 Approval tests for multi-run automatic welding 


5.3.1 Approval tests for multi-run automatic welding are to be carried out generally in accordance with the requirements of Ch 
11, 4 Wire-flux combinations for submerged-arc automatic welding, except as required by Ch 17, 5.3 Approval tests for multi-run 
automatic welding, using the multi-run automatic welding technique for the preparation of all test assemblies. 


5.3.2 One deposited metal test assembly is to be prepared as shown in Figure 11.4.1 Deposited metal test assembly. 
Welding is to be as detailed in Ch 11, 4.3 Deposited metal test assemblies (multi-run technique) 4.3.4, except that the thickness of 
each layer is to be not less than 3 mm, unless it is clearly stated as part of the consumable manufacturer's published 
recommendations. 


5.3.3 For Y47 grades, as an alternative to Figure 11.4.1 Deposited metal test assembly and Figure 11.4.2 Butt weld test 
assembly (multi-run technique), the thickness of the plate used for the test assembly may be taken as 50 mm. 


5.3.4 One butt weld test assembly is to be prepared as shown in Figure 11.4.2 Butt weld test assembly (multi-run technique) 
for each welding position to be approved for the automatic multi-run technique. 


5.3.5 Test specimens from each test assembly are to be prepared and tested in accordance with the requirements of Ch 77, 
4 Wire-flux combinations for submerged-arc automatic welding for multi-run submerged-arc automatic welding. 


5.3.6 Low hydrogen approval tests are to be made if required by Ch 11, 5.1 General 5.1.9. 
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5.3.7 At the discretion of LR, wires approved for semi-automatic welding in the downhand position may also be approved 
without additional tests, for use in multi-run automatic welding. 


5.4 Approval tests for two-run automatic welding 


5.4.1 Approval tests for two-run automatic welding are to be carried out generally in accordance with the requirements of Ch 
11, 4 Wire-flux combinations for suobmerged-arc automatic welding, except as required by Ch 711, 5.4 Approval tests for two-run 
automatic welding, using the two-run automatic welding technique for the preparation of all test assemblies. Two butt weld test 
assemblies are to be prepared and tested using plates of the strength level for which approval is required. Each strength level 
requires separate approval. 


5.4.2 Two butt weld test assemblies are to be prepared generally as detailed in Ch 717, 4.5 Approval tests for two-run 
technique and Ch 11, 4.6 Butt weld test assemblies (two-run technique) using plates 12 to 15 mm and 20 to 25 mm in thickness. 


6.4.3 If approval is requested for welding plate thicker than 25 mm, one assembly is to be prepared using plates 
approximately 20 mm in thickness and the other using plates of the maximum thickness for which approval is requested. 


5.4.4 The edge preparation of the test assemblies is to be as shown in Figure 17.5.1 Normal edge preparation for two-run 
butt weld test assemblies. Small deviations in edge preparation may be allowed, if these form part of the consumable 
manufacturer's recommendations. For assemblies using plates over 25 mm in thickness, the edge preparation is to be reported 
for information. 


5.4.5 The diameters of wires used are to be in accordance with the recommendations of the manufacturer and are to be 
reported. 


5.4.6 Test specimens from each butt weld assembly are to be prepared and tested in accordance with the requirements of Ch 
11, 4 Wire-flux combinations for submerged-arc automatic welding for two-run submerged-arc automatic welding. 


5.4.7 The weld metal chemical analysis is to be reported as in Ch 117, 4.6 Butt weld test assemblies (two-run technique) 4.6.9. 
The results of the analysis are not to exceed the limit values specified in the standards or by the manufacturer, the narrower 
tolerances being applicable in each case. 


60° 


| (hh - 


60° 


Figure 11.5.1 Normal edge preparation for two-run butt weld test assemblies 


5.5 Annual tests 


5.5.1 Annual tests are to consist of at least the following: 


(a) Wires approved for manual welding or semi-automatic welding or either of these combined with approval for automatic multi- 
run welding: 
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one deposited metal test assembly prepared in accordance with Ch 717, 5.2 Approval tests for manual and semi-automatic 
multi-run welding using a wire of diameter within the approved range. 

(b) Wire approved for automatic multi-run welding: 
one deposited metal test assembly prepared in accordance with Ch 11, 5.3 Approval tests for multi-run automatic welding 
using a wire of diameter as stated in (a). 

(c) Wires approved for two-run automatic welding: 
one butt weld test assembly prepared in accordance with Ch 717, 5.4 Approval tests for two-run automatic welding using 
plates 20 to 25 mm in thickness or the maximum approved thickness. The diameter of wire used is to be reported. 

(d) Ahydrogen test for Y89 and Y96 grades. 


| Section 6 
Consumables for use in electro-slag and electro-gas welding 


6.1 General 


6.1.1 The requirements for the approval of consumables used for electro-slag or electro-gas welding (including consumable 
nozzles, where applicable) are generally as detailed in Ch 11, 4 Wire-flux combinations for submerged-arc automatic welding for 
two-run submerged-arc welding consumables, except as otherwise detailed in this Section. 


6.1.2 For each grade, approval may be restricted for use with specific compositional types of steel. For Grades 1Y, 2Y, 3Y, AY, 
2Y40, 3Y40 and 4Y40 this will normally be in respect of the grain refining element content, and tests on niobium grain refined steel 
will normally qualify for use also on steels treated with aluminium or vanadium or combinations of these elements. 


6.1.3 Superscript numbers are applied to the ‘Y’ of higher strength steel consumables, e.g. 2Y’, to indicate the type of parent 
steel for which approval is applicable as follows: 


Me approval Grade for higher strength steel is limited to parent 
steel which has been treated only with aluminium. 


ye approval Grade for higher strength steel is appropriate to 
niobium-treated steels, whether aluminium treated or not. It 
also covers steels treated only with aluminium. 


6.1.4 Each strength level requires separate approval involving the welding and testing of two butt weld assemblies of different 
thickness. The greater thickness will determine the maximum approved thickness. 


6.2 Butt weld test assemblies 


6.2.1 Two butt weld test assemblies are to be prepared, one with plates 20 to 25 mm in thickness and the other with plates 
35 to 40 mm in thickness. The steel used is not to be of any higher grade (impact toughness) than that for which approval is 
required. The limitations of Ch 11, 6.1 General 6.1.2 need to be considered in this Section. The chemical composition of the plate, 
including the content of grain refining elements, is to be reported. 


6.2.2 The welding conditions and the edge preparation adopted are to be in accordance with the recommendations of the 
manufacturer and are to be reported in detail. The manufacturer's maximum recommended gap between plates is to be used in 
making the test assemblies. 


6.2.3 It is recommended that the assemblies are subjected to radiographic examination to identify any defects before the 
preparation of any test specimens. 


6.2.4 Test specimens as follows, and as shown in Figure 11.6.7 Butt weld test assembly for electro-slag or electro-gas 
welding, are to be prepared from each test assembly: 


a) Two longitudinal tensile test specimens. 
b) Two transverse tensile test specimens. 
c) Two bend test specimens. 

d) Two macro-sections. 


asm 
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(e) Two sets of three impact test specimens notched in accordance with Figure 11.6.2 Position of Charpy V-notch impact test 
specimens. 


© of weld 


| 250 mm min. 250 mm min. 


Longitudinal tensile 
test specimen 
(centre of weld) 


Transverse tensile 
test specimen 


Side bend 
test specimen 


Macrography 


1 set of 3 
Charpy-V test specimen 
(centre line) 


1 set of 3 
Charpy-V test specimen 
(2 mm from fusion line) 


[= 
= 
= 
& 
2 
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Transverse tensile 
test specimen 


Side bend 
test specimen 
Longitudinal tensile 
test specimen 
(centre of weld) 


Macrography 


Figure 11.6.1 Butt weld test assembly for electro-slag or electro-gas welding 
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6.2.5 The chemical analysis of the weld metal in each assembly is to be determined and reported. This is to be supplied by 
the manufacturer and is to include the content of all significant elements. The results of the analysis are not to exceed the limit 
values specified in the standards or by the manufacturer, the narrower tolerances being applicable in each case. 


6.2.6 The results of all transverse tensile and impact tests are to comply with the requirements given in Table 17.4.3 
Requirements for butt weld tests (wire-flux combinations) as appropriate. The position of fracture of the transverse tensile test is to 
be reported. The Charpy V-notch impact test requirements are as for the two-run technique in 7able 17.4.3 Requirements for butt 
weld tests (wire-flux combinations). 


6.2.7 The results of all longitudinal tensile tests are to comply with the requirements of Table 11.4.2 Requirements for 
deposited metal tests (wire-flux combinations). 


6.2.8 The bend test specimens are to be in accordance with Ch 11, 4.6 Butt weld test assemblies (two-run technique) 4.6.7 
and Table 11.4.3 Requirements for butt weld tests (wire-flux combinations). Each surface of the weld is to be tested in tension. 


(1) In the centre of the weld metal 


(2) In the weld metal, 2 mm from the fusion line 


Figure 11.6.2 Position of Charpy V-notch impact test specimens 


6.3 Annual tests 
6.3.1 Annual tests are to consist of at least one butt weld test assembly using plate material 20 to 25 mm in thickness. 


6.3.2 The assembly is to be prepared and tested in accordance with Ch 11, 6.2 Butt weld test assemblies except that only 
the following tests are required: 


a) One longitudinal tensile test. 

b) One transverse tensile test. 

c) Two bend tests. 

d) Two sets of three Charpy V-notch impact tests; one set with the notch at the centre of the weld (Figure 11.6.2 Position of 
Charpy V-notch impact test specimens, (1) In the centre of the weld metal), and one set with the notch in the weld metal 2 
mm from the fusion line (Figure 11.6.2 Position of Charpy V-notch impact test specimens, (2) In the weld metal, 2 mm from 
the fusion line). 

(e) Chemical analysis. 


a 
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(f) | One macro-section. 


6.3.3 Where a consumable or combination is approved for a range of steels with different specified minimum strength levels, 
steel of the highest strength level is to be used for the preparation for the assembly required by Ch 17, 6.3 Annual tests 6.3.1. 


a Section 7 
Consumables for use in one-side welding with temporary backing materials 


7.1 General 


7.161 The requirements for approval of combinations including temporary backing material, for use in one-side welding 
techniques, are dependent on the technique used and which basic technique it most closely follows. The following are provided 
for: 


(a) Technique m — for manual electrode/backing combinations. 

(b) Technique S — for wire-gas/backing combinations used with semi-automatic multi-run technique. 

(c) Technique M — for wire-flux or wire-gas in combination with backing material (and maybe supplementary filler materials) used 
with an automatic multi-run technique. 

(d) Technique A — as for M but using a procedure with a high heat input rate (large bead size relative to thickness welded). This 
would apply to welds made by four or less runs in 20 mm thickness, or eight or less runs in 35 mm. 


7.1.2 For technique m, S or M, a single butt weld is to be made in plate of 20-25 mm thickness. For technique A, two butt 
welds are to be made, one in plate of the maximum thickness recommended by the manufacturer, the other in plate of 
approximately half the thickness of the first. Usually this will involve thicknesses in the region of 35-40 mm and 20-25 mm 
respectively. 


7.1.8 A wire and gas combination approved with an argon/carbon dioxide shielding gas where the carbon dioxide content is 
between 15-25 per cent is also approved for other combinations of argon/carbon dioxide, provided the carbon dioxide content is 
within the range 15-25 per cent. The range of approval is limited to ferritic consumables in solid wire, flux cored and coated wire 
forms and subject to the agreement of the consumable manufacturer and LR. 


7.1.4 Any unrecognised techniques or unusual combinations will be considered for approval subject to a test programme to 
be agreed based on the details of the technique and combination which are to be submitted in advance. 


7.1.5 Where low hydrogen approval is required either by Table 17.7.1 Minimum low hydrogen approval requirements for one- 
side welding with combinations including temporary backing material or by the manufacturer, it should be noted that this will 
generally be achieved through separate testing of: 

(a) the backing material, and 

(b) the welding electrode or combination of wire-flux or wire-gas. 


7.1.6 The hydrogen potential of the backing material is to be determined using the modified Gayley-Wooding method which 
expresses the total hydrogen content as water by weight per cent. The qualifying levels are: 


To qualify as: H2O g/100g sample 
H15 0,5 
H10 0,3 
H5 0,2 


7.1.7 The sampling and approval of the combinations without the backing are to follow the general requirements of Ch 717, 3 
Electrodes for manual and gravity welding, Ch 11, 4 Wire-flux combinations for submerged-arc automatic welding or Ch 17, 5 
Wires and wire-gas combinations for manual, semi-automatic and automatic welding, as appropriate. 
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Table 11.7.1 Minimum low hydrogen approval requirements for one-side welding with combinations including temporary 
backing material 


Approval grades 'H' grade for m and S 'H' grade for M technique | 'H' grade for A technique 
techniques 


1 (1N), 2 (2N), 3 (BN) NR NR NR 
1Y, 2Y, BY, 4Y H15 (see Note 2) NR NR 
2Y40 to 5Y40 H15 H15 


3Y47 H10 H10 


3Y42 H10 


3Y46 H10 


3Y50 H10 


3Y55 H5 
3Y62 HS 
3Y69 HS 
3Y89 H5 


3Y96 HS 


5 Ni (see Note 3) 


9 Ni (see Note 3) 


Note 1. NR — Not required. Approval may be obtained when requested. 


Note 2. Optional in this case. If low hydrogen approval is not obtained, there is a limitation on the carbon equivalent of the 
steel which is permitted to be welded. 


Note 3. Assumes the use of an austenitic, non-transformable, filler material. 


7.1.8 Combinations approved with multi-run technique (m, S and M) for normal and higher strength levels up to and including 
'Y' are also considered suitable for welding steels in the three strength levels below that for which they have been approved. 


7.1.9 Combinations approved with multi-run technique (m, S and M) for strength levels Y40 to Y50, but excluding Y47, are 
also considered suitable for welding steels in two strength levels below that for which they have been approved. 


7.1.10 Combinations approved with multi-run technique (m, S and M) for strength levels Y47, Y55 and above are also 
considered suitable for welding steels in only one strength level below that for which they have been approved. 


7.1.11 Combinations approved with multi-run technique (m, S and M) for strength level Y89 are considered suitable for welding 
steels in only this strength level. 


7.1.12 | Combinations approved with multi-run technique (m, S and M) for strength level Y96 are also considered suitable for 
welding steels in one strength level below that for which they have been approved. 


7.1.13 Combinations approved for the 'A' multi-run technique are not considered suitable for welding steels of any other 
strength level with that technique. 
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7.2 Approval tests for manual (m), semi-automatic (S) and automatic multi-run (M) techniques 


E24 For each position to be approved, one butt weld assembly is to be prepared using plates of 20 — 25 mm thickness as 
shown in Figure 17.7.1 Butt weld test assembly and specimens for all techniques. The grade of plate used is to be no higher in 
toughness than that for which approval is required. The strength is to be appropriate to the grade for which welding approval is 
requested. 


7.2.2 The thickness of test assembly may be taken as 50 mm for Y47 base material. 


Two sets of Charpy specimens 
from thinner assembly. 


Three sets from thicker assembly 
Temporary backing 3450/08 


Figure 11.7.1 Butt weld test assembly and specimens for all techniques 


Note see Figure 11.7.2 Position of Charpy V-notch impact tests for one-side automatic welding 


7.2.3 The edge preparation and welding conditions are to be in accordance with the recommendations of the manufacturers. 
For the m and S techniques, the assembly is to be welded using, for the first run wire of the smallest diameter recommended by 
the manufacturer and, for the remaining runs, wire of the largest diameter to be approved. For the M technique any size wire as 
recommended by the manufacturer can be used. 


7.2.4 Test specimens are to be prepared as shown in Figure 11.7.1 Butt weld test assembly and specimens for all techniques 
and Figure 11.7.2 Position of Charpy V-notch impact tests for one-side automatic welding: 


(a) One longitudinal tensile test specimen (from the centre of the weld). 

(b) Two transverse tensile specimens. 

(c) Two bend test specimens, one with the face in tension, the other with the root in tension. 

(d) One macrosection. 

(e) Two sets of three Charpy impact test specimens positioned and notched in accordance with Figure 11.7.2 Position of Charpy 


V-notch impact tests for one-side automatic welding. 
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Figure 11.7.2 Position of Charpy V-notch impact tests for one-side automatic welding 


7.2.5 The results of all transverse tensile, bend and impact tests are to comply with the requirements in Jable 11.3.3 
Requirements for butt weld tests (covered electrodes) for m and S technique, and Table 11.4.3 Requirements for butt weld tests 
(wire-flux combinations) for M technique. The position of fracture of the transverse tensile test is to be reported. The appearance of 
the bend test specimens is to be in accordance with Ch 17, 3.3 Butt weld test assemblies 3.3.13. 


7.2.6 The results of all longitudinal tensile tests are to comply with the requirements in Table 11.3.2 Requirements for 
deposited metal tests (covered electrodes). 


7.2.7 Low hydrogen approval is required in accordance with Table 11.7.1 Minimum low hydrogen approval requirements for 
one-side welding with combinations including temporary backing material. 


7.2.8 Chemical analyses are to be made and reported from positions corresponding to the weld metal in the upper and lower 
Charpy specimens of the downhand butt weld. These are to be supplied by the manufacturer and are to include the content of all 
significant elements. The results of the analysis are not to exceed the limit values specified in the standards or by the manufacturer, 
the narrower tolerances being applicable in each case. 


7.3 Approval tests for high heat input automatic (A) techniques 


7.3.1 Two butt weld assemblies are to be prepared, usually one of 35-40 mm thickness, the other 20-25 mm, as shown in 
Figure 11.7.1 Butt weld test assembly and specimens for all techniques, noting that in the thinner assembly only two sets of 
Charpy specimens are required. The grade of plates used is to be no higher in toughness than that for which approval is required. 
The strength is to be appropriate to the grade for which welding approval is requested. 


7.3.2 For Y47 grade, the thicker assembly is to be prepared from the maximum thickness for which approval is required, and 
the thinner assembly is to be prepared from 50 mm thickness. Where approval is required for 50 mm thickness, only one assembly 
from that thickness is required. 


7.3.3 The edge preparation and welding conditions are to be in accordance with the manufacturer's recommendations, and 
are to be reported to LR. The diameters of wires are to be in accordance with the recommendations of the manufacturer and are 
to be reported. 


7.3.4 Test specimens as follows are to be prepared as shown in Figure 11.7.1 Butt weld test assembly and specimens for all 
techniques and Figure 11.7.2 Position of Charpy V-notch impact tests for one-side automatic welding: 


(a) One longitudinal tensile test specimen (from centre of weld). 
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b) Two transverse tensile test specimens. 

) Two bend test specimens. 

). One macro-section. 

. From assembly 20 to 25 mm thick, two sets of three impact test specimens positioned and notched in accordance with 
Figure 11.7.2 Position of Charpy V-notch impact tests for one-side automatic welding. 

(f) From assembly 35 to 40 mm thick, three sets of three impact test specimens positioned and notched in accordance with 

Figure 11.7.2 Position of Charpy V-notch impact tests for one-side automatic welding. 

(g) From assembly of thickness 50 mm or more, three sets of three impact test specimens positioned and notched in 

accordance with Figure 11.7.2 Position of Charpy V-notch impact tests for one-side automatic welding. The second set 

positioned in the mid-thickness of test assembly. 


The bend specimens are to be tested, one with the face in tension, the other with the root in tension. 


7.3.5 The results of all transverse tensile, bend and impact tests are to comply with the requirements of Table 17.4.3 
Requirements for butt weld tests (wire-flux combinations). The appearance of the bend test specimens is to be in accordance with 
Ch 11, 3.3 Butt weld test assemblies 3.3.13. The Charpy V-notch impact test requirements are as for the two-run technique in 

Table 11.4.3 Requirements for butt weld tests (wire-flux combinations). 


7.3.6 The results of all longitudinal tensile tests are to comply with the requirements in Table 11.3.2 Requirements for 
deposited metal tests (covered electrodes), except that for Grades 1Y, 2Y and 8Y the tensile strength is to be not less than 490 
N/mm2. 


7.3.7 Low hydrogen approval is required in accordance with Table 17.7.1 Minimum low hydrogen approval requirements for 
one-side welding with combinations including temporary backing material. 


7.3.8 Chemical analyses are to be made and reported from positions corresponding to the weld metal in the uppermost and 
lowest Charpy specimens in the thicker plate weld. This is to be supplied by the manufacturer and is to include the content of all 
significant elements. The results of the analysis are not to exceed the limit values specified in the standards or by the manufacturer, 
the narrower tolerances being applicable in each case. 


7.4 Annual tests 


7.4.1 Annual tests are to consist of, at least, one butt weld test assembly, for each technique approved, using plates of 20 to 
25 mm thickness. For the Y47 grade the thickness of plates may be taken as 50mm. 


7.4.2 The assembly is to be prepared and tested in accordance with Ch 11, 7.2 Approval tests for manual (m), semi- 
automatic (S) and automatic multi-run (M) techniques or Ch 11, 7.3 Approval tests for high heat input automatic (A) techniques , 
as appropriate, except that only the following tests are required: 


fav) 


) One longitudinal tensile test (from centre of weld). 
) One transverse tensile test. 
) Two bend tests. 


d) One set of three impact tests taken from the root of the weld and the specimens notched in accordance with Figure 11.7.2 
Position of Charpy V-notch impact tests for one-side automatic welding. 
(e) Chemical analysis (one only). 


oO FD 


7.4.3 A hydrogen test is required for Y89 and Y96 grades. 


| Section 8 
Consumables for welding austenitic and duplex stainless steels 


8.1 General 


8.1.1 Tests for the approval of consumables intended for welding the austenitic and duplex stainless steels detailed in Ch 3, 7 
Austenitic and duplex stainless steels are to be carried out generally in accordance with the Ch 71, 3 Electrodes for manual and 
gravity welding, Ch 11, 4 Wire-flux combinations for submerged-arc automatic welding, Ch 11, 5 Wires and wire-gas 
combinations for manual, semi-automatic and automatic welding, Ch 11, 6 Consumables for use in electro-slag and electro-gas 
welding or Ch 11, 7 Consumables for use in one-side welding with temporary backing materials relevant to the type of 
consumable or combination. 
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8.1.2 Approval will be indicated by the grade or grades of parent stainless steel for which the consumable or combination is 
approved. 


8.1.3 Where a shielding gas is employed separate approval will be required for each specific shielding gas composition. 


8.1.4 Consumables for welding the austenitic stainless steels and the duplex stainless steels to carbon or carbon-manganese 
steels will be approved in a similar manner. Parent plate used for the butt and fillet weld test assemblies will be carbon or carbon- 
manganese steel with either austenitic stainless steel or duplex stainless steel, as appropriate. Approval will be indicated by “SS/ 
CMnh' and ‘Dup/CMn' respectively, however, no buttering of test assembly plates is allowed for these two approvals. 


8.1.5 Separate approval will be given for welding chemical and cryogenic applications. For chemical use, evidence of relevant 
corrosion resistance will be required. Charpy impact toughness tests will be required for all uses, but for cryogenic use the Charpy 
impact toughness requirements are more severe. 


8.1.6 The welding technique will be indicated in the approval grading by a letter: 


m = for manual SMAW or GTAW welding. 
S = for wire-gas combinations used with a semi-automatic multi-run technique. 


M = for wire-flux or wire-gas combinations used with an automatic multi-run technique. 


T = for wire-flux or wire-gas combinations used with an automatic two-run technique. 


A = as for M but using a procedure with a high heat input rate (large bead size relative to thickness welded). 
This would apply to welds made by four or less runs in 20 mm thickness, or eight or less runs in 85 mm. 
8.2 Deposited metal test assemblies 
8.2.1 Where the relevant Section requires deposited metal assemblies to be made and tested, the plates used must be either 


of the type for which approval is required or of normal strength carbon, or carbon-manganese steel with the prepared edges built 
up with stainless steel weld metal and finished with a layer of weld metal from the consumable to be approved. 


8.2.2 The chemical analysis of the deposited weld metal is to be reported, including all significant elements. The elements 
reported will be dependent on the type of stainless steel for which approval of the consumables is requested. Any unusual weld 
metal compositions will have to be justified in respect of the particular approval requested. This is to be supplied by the 
manufacturer and is to include the content of all significant elements. The results of the analysis are not to exceed the limit values 
specified in the standards or by the manufacturer, the narrower tolerances being applicable in each case. 


8.2.3 The results of all tensile and notch impact tests are to comply with the requirements given in Table 11.8.1 Requirements 
for deposited metal tests (manual, semi-automatic and automatic multi-run techniques) as appropriate. 


8.2.4 The ferrite content in the last weld run from each deposited metal assembly is to be determined by physical or 
metallographic means, and reported, indicating the method of determination. 


8.3 Butt weld test assemblies 


8.3.1 Where the relevant Section requires butt weld assemblies to be made and tested, the plates used are to be either of the 
type for which approval is required or of steel having strength and ductility within the range specified for the grade to be approved. 
In the latter case, provided the consumable is metallurgically compatible with the base material to be used, the prepared edges are 
to be built up with a layer of weld metal before final machining of the weld preparation. 


8.3.2 Butt weld assemblies are to be prepared for each position (downhand, horizontal-vertical, vertical-upward, vertical- 
downward, and overhead) for which the electrode/wire is to be approved. 


8.3.3 The results of transverse tensile, notch impact and bend tests are to comply with the requirements of Table 17.8.2 
Requirements for butt weld tests (all techniques) as appropriate. The position of fracture is to be reported to LR. 


8.3.4 The ferrite content at the centre of the weld metal in each butt weld assembly is to be determined by physical or 
metallographic means, and meet the requirements in Table 11.8.2 Requirements for butt weld tests (all techniques). The method of 
determination is to be reported. 


8.3.5 For austenitic and duplex stainless steel approvals (except for types 304L, 316L, 321, 347, SS/CMn and Dup/CMh), an 
appropriate sample from each butt weld assembly is to be submitted to the corrosion testing provided in ASTM G48, Method °C’. 
The results are to be reported so as to allow confirmation of the maximum acceptable pitting corrosion resistance temperature. 
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This will be part of the approval grading and will be set at 5°C intervals. The minimum pitting corrosion temperature would not be 
expected to be less than 20°C. 


8.4 Fillet weld test assemblies 


8.4.1 Where the relevant Section requires fillet weld assemblies to be made and tested, the plates used must be either of the 
type for which approval is required or of steel having strength and ductility within the range specified for the grade to be approved. 
In the latter case, the surfaces on which the fillet weld beads are to be deposited are to be cut back by machining and then built 
up to original dimensions with weld metal from the consumable to be approved. 


Table 11.8.1 Requirements for deposited metal tests (manual, semi-automatic and automatic multi-run techniques) 


0,2% proof 1% proof Tensile Elongation on Charpy V-notch impact tests 
stress N/mm? | stress N/mm? | strength 50 mm % 
minimum minimum N/mm? minimum 
minimum 


Average 
Chemical test energy See 
temperature Cryogenic test temperature Note 1 J 

°C °C minimum 


-20 -196 29 


-20 -196 29 
-20 -196 29 
-20 -196 29 


-20 -196 29 


-20 -196 29 


-20 -196 29 


347 -20 -196 29 


S$ 31254 -20 -196 29 


N 08904 -20 -196 29 


SS/CMn -20 -60 


S$ 31260 


S$ 31803 


S 32550 


S 32750 


S 32760 


Dup/CMn 


Note 1. Energy values from individual impact test specimens are to comply with Ch 717, 1.4 Approval procedures 1.4.3. 


Note 2. Approval for cryogenic applications is to be obtained at the procedure approval stage. 


Table 11.8.2 Requirements for butt weld tests (all techniques) 


Tensile strength Bend test ratio: D Weld ferrite Charpy V-notch impact tests 
N/mm? minimum content % 


Chemical test Cryogenic test Average energy 
temperature °C temperature °C (see Note 1) J 


minimum 
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316L 500 -20 
316LN 530 | -20 
317L 530 -20 
317LN 570 | -20 


321 550 -20 


347 550 | -20 


S$ 31254 650 (see Note 2) -20 


N 08904 500 (see Note 2) -20 


SS/CMn 500 4-12 -20 


S 31260 690 35-65 -20 (see Note 3) 
S 31803 620 35-65 -20 (see Note 3) 
S 32550 760 35-65 -20 (see Note 3) 
S 32750 800 35-65 -20 (see Note 3) 


S 32760 750 35-65 -20 (see Note 3) 


Dup/CMn 500 (see Note 2) -20 (see Note 3) 


Note 1. Energy values from individual impact test specimens are to comply with Ch 17, 1.4 Approval procedures 1.4.3. 


Note 2. To be reported for special consideration. 


Note 3. Approval for cryogenic applications is to be obtained at the procedure approval stage. 


8.4.2 The ferrite content at the centre of the weld metal in each fillet weld bead of each assembly is to be determined from the 
centre macro-section by physical or metallographic means, and reported. The method of determination is also to be reported to 
LR. 


8.4.3 Where approval is sought for fillet welding only, corrosion testing is to be carried out in accordance with Ch 77, 8.3 Butt 
weld test assemblies 8.3.5 from a sample taken from the deposited metal test assembly. 


8.5 Annual tests 


8.5.1 Annual tests are to be carried out as required by the relevant Section appropriate to the type of consumable and 
welding technique. The tests are to include a weld ferrite content in accordance with Ch 17, 8.2 Deposited metal test assemblies 
8.2.4 or Ch 11, 8.3 Butt weld test assemblies 8.3.4 as appropriate. 


8.5.2 The results of all tests are to comply with the requirements given in Table 11.8.1 Requirements for deposited metal tests 
(manual, semi-automatic and automatic multi-run techniques) and Table 11.8.2 Requirements for butt weld tests (all techniques) 
as appropriate. 


a Section 9 
Consumables for welding aluminium alloys 


9.1 General 


9.1.1 Tests for the approval of consumables intended for welding the aluminium alloys detailed in Ch 8 Aluminium Alloys are to 
be carried out generally in accordance with the requirements of Ch 17, 1 General, Ch 11, 2 Mechanical testing procedures and Ch 
11, 5 Wires and wire-gas combinations for manual, semi-automatic and automatic welding, except as otherwise detailed in this 
Section. 
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9.1.2 


Approval will be indicated by the grade shown in Table 11.9.1 Requirements for butt weld tests. Plate of the 


corresponding type of aluminium alloy and of appropriate thickness is to be used for the preparation of the weld test assemblies, 
and may be of any temper listed in LR Rules. 


Table 11.9.1 Requirements for butt weld tests 


Consumable Approval 
Grade (see Note 1) 


Base material used for 
the test 


Tensile strength N/mm? 
minimum 


Bend test ratio 2 


LR RA/LR WA 


LR RB/LR WB 


LR RC1/LR WC1 


LR RC2/LR WC2 
(see Note 2) 


LR RC3/LR WC3 
(see Note 2) 


LR RD/LR WD 
(see Note 4) 


5754 
5086 
5083 


5383 or 5456 


5059 


6005A 


6061 


6082 


190 


240 


275 


290 


330 


170 


170 


170 


Note 1. The prefixes ‘R’ and ‘W’ indicate ‘rod’ form (for Gas Tungsten Arc Welding (GTAW)) or ‘wire’ form 
(for Gas Metal Arc Welding (GMAW) and GTAW). 


Note 2. Approval of grade LR RC2/LR WC2 confers approval of 5383, 5456 and 5083 base material 


grade. 


Note 3. Approval of grade LR RC3/LR WC confers approval of 5059, 5383, 5456 and 5083 base 


material grades. 


Note 4. Approval of grade LR RD/LR WD confers approval of G005A, 6061 and 6082 base material 


grades. 


9.1.3 
m = 
S= 
M = 
T= 

9.1.4 

9.1.5 


manual multi-run welding (GTAW), 


semi-automatic multi-run welding (GMAW), 


automatic multi-run welding (GTAW or GMAW), 


automatic two-run welding (GMAW). 


The welding technique will be indicated in the approval grading by a letter: 


The compositions of the shielding gas and the filler/electrode wire are to be reported. 


Approval granted using the multi-run technique for a specific filler/electrode wire with a gas in one of the groups listed in 


Table 11.9.2 Shielding gas compositions will extend to any other gas compositions within that same group, provided that the gas 
composition is within the range recommended by the consumable manufacturer, subject to agreement with LR. 


Table 11.9.2 Shielding gas compositions 


Gas composition (Vol. %) 


(see Note) 


Helium 


Argon 


356 


100 
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100 - 
>0 <33 Remainder 


>83 <66 Remainder 


>66 <95 Remainder 


Special gas 


Note Gases of other composition (mixed gases) or special purity 
may be considered as special gases and will require separate 
approval tests. 


9.1.6 Approval granted for the two-run technique will be for a specific shielding gas composition; additional tests may be 
required if a change in shielding gas composition is sought. 


9.1.7 On completion of welding, assemblies are to be allowed to cool naturally to ambient temperature. Welded test 
assemblies and test specimens are not to be subjected to any heat treatment after welding except for the alloy Grades 6005A, 
6061 and 6082. These are to be allowed to naturally age at ambient temperature for a period of 72 hours from the completion of 
welding, before testing is carried out. A second solution heat treatment is not permitted. 


9.1.8 All butt test assemblies are to be subjected to both radiographic and visual examination and imperfections such as lack 
of fusion, lack of penetration, cavities, inclusions, pores and cracks assessed in accordance with Intermediate Level C of ISO 
10042, aided where necessary by dye penetrant and ultrasonic examination. 


9.1.9 Fillet weld test assemblies and macro-sections are to be visually examined for imperfections, such as lack of fusion, lack 
of penetration, cavities, inclusions, pores and cracks, in accordance with Intermediate Level C of ISO 10042, aided where 
necessary by radiographic and dye penetrant examination. 

9.2 Approval tests for manual, semi-automatic and automatic multi-run techniques 


9.2.1 Plate of the corresponding type of aluminium alloy and of appropriate thickness is to be used for the preparation of the 
weld test assemblies. 


9.2.2 The welding parameters are to be within the range recommended by the manufacturer and are to be reported. 

9.2.3 Welded assemblies are to be prepared and tested in accordance with Ch 7117, 9.3 Deposited metal test assembly, Ch 
11, 9.4 Butt weld test assemblies and Ch 11, 9.5 Fillet weld test assembly. 

9.3 Deposited metal test assembly 


9.3.1 One assembly is to be prepared in the downhand position as shown in Figure 17.9.1 Deposited metal test assembly. 


Deposited 
weld metal 


OLR 


Deposit 
thickness 
30 mm minimum 


Tack weld ae 
< 
MY 

‘ 


Sampling position 
5787/01 
Plate thickness 


12-25 mm 


Figure 11.9.1 Deposited metal test assembly 
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9.3.2 The chemical composition of the plate used for the assembly is to be compatible with the weld metal. 


9.3.3 The thickness of the plate used, and the length of the assembly, are to be appropriate to the welding process. The plate 
thickness is to be not less than 12 mm. 


9.3.4 For the approval of filler wire/gas and electrode wire/gas combinations for manual or semi-automatic welding by GTAW 
or GMAW, one test assembly is to be welded using any size of wire within the range for which approval is sought. 


9.3.5 For automatic multi-run approval, one test assembly is to be welded by the respective process using the recommended 
diameter of wire. 


9.3.6 The weld metal is to be deposited in multi-run layers in accordance with normal practice. The direction of deposition of 
each layer is to alternate from each end of the plate. 


9.3.7 The deposited weld metal in the assembly is to be analysed and reported including the contents of all significant 
elements. The elements reported will be dependent on the type of aluminium alloy for which approval of the consumables is 
requested. The results of the analysis are not to exceed the limit values specified in the standards or by the manufacturer, the 
narrower tolerances being applicable in each case. 


9.4 Butt weld test assemblies 


9.4.1 Plate of the corresponding type of aluminium alloy and of an appropriate thickness is to be used for the preparation of 
the test assemblies. 


9.4.2 In order to ensure sound and representative welds, it is essential that test assemblies are cleaned and degreased prior 
to welding. Assemblies as shown in Figure 11.9.2 Butt weld test assembly (positional, multi-run technique) are to be prepared for 
each welding position (downhand, horizontal-vertical, vertical-upward, vertical-downward, and overhead) for which the 
consumable is recommended by the manufacturer; except that consumables satisfying the requirements for downhand and 
vertical-upward positions will be considered as also complying with the requirements for the horizontal-vertical position. Any wire 
diameter(s) to be approved may be used. 
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Root bend 


Face bend 


Transverse tensile 


350 mm min 


Root bend 


Face bend 


Transverse tensile 


—+||*-2to3mm 


350 mm min 5787/02 


Figure 11.9.2 Butt weld test assembly (positional, multi-run technique) 


9.4.3 One assembly, as shown in Figure 11.9.3 Butt weld test assembly (downhand, multi-run technique), is to be prepared 
for welding in the downhand position. The assembly is to be welded using, for the first run, wire of the smallest diameter 
recommended by the manufacturer and, for the remaining runs, wire of the largest diameter to be approved. 
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Root bend 


Face bend 


Transverse tensile 


& 
S 
= 
e 

2 
re) 

o 


Root bend 


Face bend 


Transverse tensile 


— 2 to 3mm 


350 mm min Beavis 


Figure 11.9.3 Butt weld test assembly (downhand, multi-run technique) 


9.4.4 The welding conditions are to be in accordance with the recommendations of the manufacturer and are to be reported 
in detail. 


9.4.5 The welded assemblies are to be subjected to NDE. Imperfections are to be assessed in accordance with Ch 11, 9.1 
General 9.1.8. 


9.4.6 The test specimens are to be taken from the welded assemblies as shown in Figure 11.9.2 Butt weld test assembly 
(positional, multi-run technique) and Figure 11.9.3 Butt weld test assembly (downhand, multi-run technique). For each assembly 
they are to comprise: 


° 2 transverse tensile specimens; 
° 2 face bend specimens; and 
° 2 root bend specimens. 


9.4.7 All tensile test specimens are to have a tensile strength not less than the respective value shown in Table 17.9.1 
Requirements for butt weld tests. The position of each fracture is to be reported. 


9.4.8 The bend test specimens are to be bent around a former having a diameter not more than the number of times the 
thickness of the test specimen, as shown in Table 11.9.1 Requirements for butt weld tests, and can be considered as complying 
with the requirements if, after bending to an angle of not less than 180°, no crack or other open defect exceeding 3 mm in length 
can be seen on the outer surface. Flaws appearing at the corners of a test specimen may be ignored. 
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9.4.9 In order to obtain uniform bending of the bend test specimens, it is recommended that the wrap-around or guided bend 
test using a roller method is employed. 
9.5 Fillet weld test assembly 
9.5.1 When approval is being sought for both butt and fillet welding, one assembly is to be prepared and welded in the 


horizontal-vertical position and tested in accordance with the appropriate requirements of Ch 11, 3.5 Fillet weld test assemblies, 
except that the plates are to be of an aluminium alloy compatible with the weld metal, that no hardness tests are required and that 
for automatic multi-run approval only one fillet weld bead is to be made using the recommended wire diameter. In this case, the 
bead size is to be as large as the maximum single bead size recommended by the manufacturer for fillet welding. 


9.5.2 When approval is being sought for fillet welding only, one assembly is to be prepared and welded in each position for 
which approval is sought, and tested as detailed in Ch 17, 9.5 Fillet weld test assembly 9.5.1. 


9.5.3 The results of examination of the macro-specimens and the fractured fillet welds are to be reported in accordance with 
Ch 11, 3.5 Fillet weld test assemblies 3.5.4 and Ch 17, 3.5 Fillet weld test assemblies 3.5.6. Imperfections are to be assessed in 
accordance with Ch 717, 9.1 General 9.1.9. 


9.6 Approval tests for two-run technique 
9.6.1 Two butt weld test assemblies are to be prepared using the following plate thicknesses: 


(a) one with the maximum thickness for which approval is requested, 
(b) one with a thickness approximately one half to two thirds that of the maximum thickness. 


9.7 Butt weld test assemblies (two-run technique) 


9.7.1 The plates used are to be of the aluminium alloy appropriate to the approval required as shown in Table 11.9.1 
Requirements for butt weld tests. The composition of the plate material is to be within the range specified for that alloy in Table 
8.1.2 Chemical composition, percentage in Ch 8 Aluminium Alloys and is to be reported including all significant elements. 


9.7.2 The wire diameter, edge preparation, welding current, arc voltage and travel speed are to be in accordance with the 
manufacturer's recommendations and are to be reported. 


9.7.3 Each butt weld is to be made in two runs, one from each side. After completion of the first run the assembly is to be left 
in still air until it has cooled to less than 50°C. 


9.7.4 The welded assemblies are to be subjected to NDE. Imperfections are to be assessed in accordance with Ch 17, 9.1 
General 9.1.8. 


9.7.5 The test specimens as shown in Figure 11.9.4 Butt weld test assembly (two-run technique) are to be prepared from 
each test assembly. The edges of the discards are to be polished and etched, and must show complete fusion and inter-run 
penetration of the welds. Each cut in the assembly is also to be examined to confirm that complete fusion and penetration have 
been achieved. 
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Transverse tensile 


& 
E 
E 
Ee 

fo) 

9) 

op) 


Transverse tensile 


350 mm min 5787/04 


Figure 11.9.4 Butt weld test assembly (two-run technique) 


9.7.6 The results of the transverse tensile tests are to be as in Ch 11, 9.4 Butt weld test assemblies 9.4.7 and of the bend 
tests as in Ch 11, 9.4 Butt weld test assemblies 9.4.8. The position of the fracture in each transverse tensile specimen is to be 
reported. 


9.8 Annual tests 


9.8.1 Annual tests are to consist of the following: 


(a) for combinations approved for the multi-run technique, one deposited metal assembly in accordance with Ch 1717, 9.3 
Deposited metal test assembly and one downhand butt assembly in accordance with Ch 11, 9.4 Butt weld test assemblies 
Figure 11.9.2 Butt weld test assembly (positional, multi-run technique); 

(b) for combinations approved for the two-run technique, one butt weld assembly in accordance with Ch 71, 9.7 Butt weld test 
assemblies (two-run technique) using plate material of thickness equal to one half to two thirds that of the maximum 
thickness approved. 


| Section 10 
Consumables for high strength steel for special marine applications 


10.1 Goal-based framework 


10.1.1 The purpose of this Section is to present a goal-based approach to the requirements for high strength steels for special 
marine applications, not covered elsewhere in the Rules for the Manufacture, Testing and Certification of Materials, July 2022. 
Whilst the primary intent of the application of the welding consumables listed herein is for pressure vessels/submersible craft 
intended for human occupancy, use and application of these consumables for other constructions may be specially considered 
within the scope of the goal-based framework. 
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10.1.2 The goals, functional requirements and performance requirements listed herein relate to the manufacture and testing of 
applicable welding consumables. 


10.1.3. In addition to this goal-based framework, the relevant requirements of the Rules for the Manufacture, Testing and 
Certification of Materials, July 2022 are to be complied with to achieve certification. In order to satisfy the goal-based framework in 
this Chapter, it is necessary to comply with the other applicable Rules related to materials, manufacture, testing, survey and 
classification. 


10.1.4 The list of goals is as follows: 


(a) The welding consumables will be capable of producing weld joints that have the integrity to minimise the risk of loss of the 
structure due to failure. 


(b) The welding consumables and resulting welds shall minimise the hazard to persons, assets or environment in any foreseeable 
operating conditions. 


10.1.5 — The list of functional requirements (FR) is as follows: 
(a) Welding consumables shall have acceptable chemical and mechanical properties to be suitably matched to the base material 
properties, to achieve the required weld joint properties and to withstand the applied design loads. 


(b) Welding consumables are to be suitable for the welding processes used. 


(c) Welding consumables and resulting welds shall be able to function in a safe and acceptable manner, for compliance with 
manufacturing and design criteria. 


10.1.6 


The list of performance requirements (PR) is as follows: 


(a) The mechanical properties of the weld metal shall comply with the consumable grade requirements stated in Table 17.10.1 
Mechanical property requirements for deposited metal tests (manual, semi-automatic and automatic multi-run techniques), 
for consumable grade and applicable Material Class Special Applications 1 and 2 

(bo) Results of the weld metal chemical analysis are not to exceed the limit values specified in the standards or by the 
manufacturer, the narrower tolerances being applicable in each case. The sulphur and phosphorus content of the weld metal 
is to be controlled so that it is not detrimental to the properties of the weld. The content of each is not to exceed 0,020 per 
cent. 

(c) All welding consumable combinations shall achieve a minimum low hydrogen grade of H5. 

(d) The manufacturers plant and method of production shall ensure uniformity in manufacture. 

(e) The results of butt weld test assemblies are to comply with the requirements given in Table 11.10.2 Mechanical property 
requirements for butt weld tests (all techniques) for consumable grade and applicable material Class Applications 1 and 2. 


Table 11.10.1 Mechanical property requirements for deposited metal tests (manual, semi-automatic and automatic multi-run 
techniques), for consumable grade and applicable Material Class Special Applications 1 and 2 


Consumable 
grade 


Material Class 
(Special 
Application) 


Yield strength 
N/mm? 


minimum 


Tensile strength 
N/mm? 


Elongation on 50 
mm % 


minimum 


Charpy V-notch impact tests 


Test temperature 


ne 


Individual energy 
value J 


minimum 


High Strength 
Steel — Special 
Application 1 


640-820 


50 


HSS2 
(Undermatched) 


HSS2 (Matched) 
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Table 11.10.2 Mechanical property requirements for butt weld tests (all techniques) for consumable grade and applicable 
material Class Applications 1 and 2 


Consumable grade Material Class Tensile strength Bend test ratio: D/t Charpy V-notch impact tests 
(Special Application) 


2 
an [Test temperature Individual energy 


value J minimum 
eC 


High Strength Steel — -50 50 
Special Application 1 


HSS2 High Strength Steel — 
(Undermatched) Special Application 2 
(Undermatched 
weld) 


HSS2 (Matched) High Strength Steel — | 770 - 940 
Special Application 2 
(Matched weld) 


10.2 LR accepted solutions for welding consumables for high strength steel for special marine applications 


10.2.4 Provision is made in this Section for the welding consumables of high strength steels intended for use in special marine 
applications, which are not covered elsewhere in this Chapter. 


10.2.2 An accepted solution for satisfactorily meeting the goal-based framework is specified in sub-Sections Ch 11, 10.1 Goal- 
based framework to Ch 11, 10.4 Annual tests of this Section. 


10.2.3. The application, in entirety, of the prescriptive content in this Section (including any references leading out) is considered 
to meet the listed goals. 


10.2.4 — Alternative proposals for meeting the goal-based framework in Ch 11, 10.1 Goal-based framework will be specially 
considered. 


10.2.5 The requirements presented herein represent an accepted solution for LR certified welding consumables, for use with 
High Strength Steel - Special Application 1 and Special Application 2 of which Q1(N) and HY100 (UK) grade of rolled plate are 
respective examples. 


10.3 General requirements 


10.3.4 In addition to the requirements of this sub-Section, fulfilment of an accepted solution also requires compliance with the 
relevant Sections of the Rules for the Manufacture, Testing and Certification of Materials, July 2022 specifically: 

° Ch 1 General Requirements, 

e Ch 2 Testing Procedures for Metallic Materials, 

e Ch 11, 1 General, 

e =Ch 11, 2 Mechanical testing procedures, 


regarding approval and manufacture, testing, inspection and general requirements for welding consumables. 


10.3.2 Tests are to be carried out generally in accordance with Ch 11, 3 Electrodes for manual and gravity welding, Ch 11, 4 
Wire-flux combinations for submerged-arc automatic welding, Ch 11, 5 Wires and wire-gas combinations for manual, semi- 
automatic and automatic welding and Ch 11, 7 Consumables for use in one-side welding with temporary backing materials, 
depending upon the type of consumable, except as otherwise detailed in this Section. 


10.3.3 All consumables shall be in accordance with recognised Standards and conform to the following requirements. 


10.3.4 Approval will be granted by assigning the grade HSS1, HSS2 (Undermatched), or HSS2 (Matched), where the 
consumable achieves the required properties for each designated grade, based on the project design and application 
requirements. 


10.3.5 Steel plate material for test panels is to be the same as the intended application of material class, i.e. High Strength 
Steel — Special Application 1, or High Strength Steel — Special Application 2. 
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10.3.6 | Where the relevant Section requires deposited metal assemblies to be made and tested, the results of all tensile and 
notch impact tests are to comply with the requirements given in Table 11.10.17 Mechanical property requirements for deposited 
metal tests (manual, semi-automatic and automatic multi-run techniques), for consumable grade and applicable Material Class 
Special Applications 7 and 2. 


10.3.7 The chemical analysis of the deposited weld metal in each deposited metal test assembly is to be supplied by the 
manufacturer and is to include the content of all significant alloying elements. The results are to comply with Ch 11, 10.1 Goal- 
based framework 10.1.6. (b). 


10.3.8 | Test methods to be used for low hydrogen approval are to be in accordance with Ch 717, 3.4 Hydrogen test. Results are 
to meet the requirements of Ch 77, 10.1 Goal-based framework 10.1.6.(c) 


10.3.9 | Where the relevant Section requires butt weld assemblies to be made and tested, the results of transverse tensile, notch 
impact and bend tests are to comply with the requirements given in Table 711.10.2 Mechanical property requirements for butt weld 
tests (all techniques) for consumable grade and applicable material Class Applications 1 and 2, as appropriate. The position of 
fracture from the transverse tensile test is to be reported. 


10.3.10 Approval of the consumable is limited to use up to a maximum heat input equal to that used during the approval test. 


10.4 Annual tests 


10.4.1 Annual tests are to be carried out as required by the relevant Section appropriate to the type of consumable and 
welding technique. 


10.4.2 The results are to comply with the requirements given in Table 17.10.1 Mechanical property requirements for deposited 
metal tests (manual, semi-automatic and automatic multi-run techniques), for consumable grade and applicable Material Class 
Special Applications 1 and 2 and Table 11.10.2 Mechanical property requirements for butt weld tests (all techniques) for 
consumable grade and applicable material Class Applications 1 and 2 as appropriate. 
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Section 
1 General qualification requirements 
2 Welding procedure qualification tests for steels 
3 Specific requirements for stainless steels 
4 Welding procedure tests for non-ferrous alloys 
5 Welder qualification tests 
6 Qualification of friction stir welding of aluminium alloys 
i Welding qualification requirements for high strength steel for special marine applications 
a Section 1 
General qualification requirements 
11 General 
LA This Section applies to all welding qualifications and tests required to be performed in the course of new construction, 


conversions, modifications or repairs made on ships, other marine structures and their associated pressure vessels, machinery 
and equipment. 


1.1.2 These Rules also apply to all welding work related to other applications for which Lloyd’s Register (hereinafter referred to 
as LR) have issued Rules or have an interest. 


1.1.3 It is the responsibility of the manufacturer to ensure compliance with all aspects of these Rules. All deviations are to be 
recorded as non-compliances and brought to the attention of the Surveyor along with the corrective actions taken. Failure to do 
this is considered to render the welding tests as not complying with the Rules. 


1.1.4 Welding tests are to be performed under survey at the manufacturer’s works. Welding procedure qualification tests and 
welder qualifications tests are to be performed and approved prior to commencement of fabrication or construction. 


1.1.5 Weld procedure tests made in accordance with EN, ISO, JIS, ASME or AWS may be considered for acceptance 
provided that, as a minimum, they are equivalent to and meet the technical intent of these Rules to the satisfaction of the Surveyor. 


1.1.6 Welding tests that have previously been carried out may be considered for acceptance, provided that they have been 
supervised by an independent body acceptable to LR and the Surveyor is satisfied with the authenticity of such tests. 


1.1.7 The responsibility for the performance of the weld tests rests with the manufacturer. Aspects of the welding tests, such 
as mechanical testing, non-destructive testing and heat treatment, may be subcontracted by the manufacturer provided that the 
subcontractor performs the work under the technical control and direction of the manufacturer, and this is agreed with the 
Surveyor prior to commencing the work. 


1.1.8 In these Rules, the term ‘manufacturer’ is considered to include any firm or organisation that performs welding and is 
considered to be the shipbuilder, or construction firm, or fabricator, or material manufacturer. 
1.2 Design 


1.2.1 Welding procedure qualification tests are required to give assurance that construction welds made in accordance with 
the approved plans or the approved design have acceptable properties. It is the manufacturer’s responsibility to establish and 
document whether a procedure is suitable for a particular application. 


1.2.2 The requirements relate to mechanical properties of the weld and heat affected zone, however, other tests may be 
required on certain materials, for example, corrosion or fatigue tests, in order to ensure suitability for the proposed application. 
1.3 Materials 


1.3.1 Materials used for testing are to be of the same grade, type and from the same manufacturing process as those to be 
used for construction, unless prior agreement is obtained from the Surveyor. Such agreements will only apply on a case-by-case 
basis. 
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1.3.2 All materials used for testing are to be suitably marked and identifiable to the original manufacturer’s material certificate. 
1.4 Performance of welding tests 
1.4.1 All welding and subsequent testing is to be performed in accordance with the requirements of this Chapter. 


1.4.2 The manufacturer is responsible for monitoring the tests and for recording all the welding variables as specified in 2.2 
and for compiling all the non-destructive examination (NDE) reports and mechanical test records for submission to the Surveyor. 


1.4.3 The laboratory or testing establishment used to perform the tests is to have the necessary equipment, maintained in 
good order and suitably calibrated. The Surveyor is to be satisfied that the laboratory personnel have the appropriate skills and are 
appropriately qualified in accordance with Ch 2, 1.2 Testing machines 1.2.1. 


a Section 2 
Welding procedure qualification tests for steels 


2.1 General 


2.1.1 The requirements of this Section relate to welding procedure test requirements of carbon, carbon-manganese steels 
and low alloys steels. Additional requirements for austenitic and austenitic/ferritic duplex stainless steels, aluminium and copper 
alloys are specified in Sections 3 and 4 respectively. 


2:22 Prior to performing the welding procedure qualification test, the manufacturer is to present to the Surveyor a preliminary 
Welding Procedure Specification (pWPS) detailing the welding processes, positions, joint types, materials and heat treatments to 
be performed during the test. The pWPS is to be presented for information prior to commencing the test. 


2.1.3 The type and extent of testing to be applied to each welding procedure test is to be in accordance with subsequent 
Sections of this Chapter. 


2.1.4 For the welding procedure approval, the welding procedure qualification tests given in this Section are to be carried out 
with satisfactory results. Welding procedure specifications are to refer to the test results achieved during welding procedure 
qualification testing. 


2.2 Welding variables 


2.2.1 In order that the conditions of the qualification test may be applied to production welding operations, the appropriate 
variables are to be recorded by the manufacturer during welding and testing from the following list: 
a) The unique qualification reference number and the date of welding; 
b) The material type, grade, product form, dimensions and identification; 
) Welding process(es), including tack welds; 
d) Joint type, dimensions and surface condition; 
) Welding position(s); 
f) Welding technique(s), weaving, multiple electrodes, etc; 
g) Welding consumables including fluxes, shielding gases, etc; 
h) Control of consumables, baking or drying conditions, etc; 
i) Welding parameters, current, voltages, travel speeds, etc; 
() | Number and sequence of weld runs; 
k) Backing materials including any backing gas; 
1) | Preheats and interpass temperatures; 
m) Methods used for cleaning and inspection of root deposits; 
n) Post-weld heat treatment, temperature and cycle times; 
0) Special weld profiling requirements. 


2.2.2 Other variables may need to be recorded depending on the particular welding process or application and are to be 
agreed with the Surveyor, for example the peak and base current and cycle times for pulse welding, electrode type and nozzle size 
for GTAW welding, etc. 
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2.3 Steel test assemblies 


2.3.1 Tests are to be performed using the welding process and positions anticipated for actual construction. The weld test 
assemblies are to be representative of construction conditions and are to be welded in the same manner as intended for the actual 
production welds. Where prefabrication primers are used in the shipyard, these are to be included in the test assemblies. 


2.3.2 For plate tests, the direction of plate rolling relative to the weld direction is to be considered. Where the material used for 
the test requires longitudinal impact tests, the plate rolling direction is to be perpendicular to the weld direction and for material 
which requires impact testing in the transverse direction, the rolling direction is to be parallel to the weld direction. For weld tests 
intended for liquefied gas storage or cargo tanks and associated process pressure vessels, the direction of plate rolling is to be 
parallel to the weld direction in all cases. 


2.3.3 Typical test assemblies are shown in Figure 12.2.1 Butt weld test assembly in plate to Figure 12.2.3 Fillet weld test 
assembly in plate. These are a minimum requirement to permit the removal of all the necessary mechanical test specimens. Where 
impact tests or other toughness tests are required, the total width is not to be less than 8 times the material thickness of the 
thicker material being joined. 


longitudinal 
Charpys 


Rolling direction 
for plates with 


transverse 
Charpys 


D (discard) 


4607/25 
t (thickness) 


Welding Processes L (min) W (min) D (min) 
mm mm 

Manual/Semi-automatic 350 300 

Automatic 1000 400 


Figure 12.2.1 Butt weld test assembly in plate 


-———+| 5 


L = 150 mm minimum 
D = Outside diameter 


Figure 12.2.2 Butt weld test assembly in pipe 
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4607/26 


Welding Processes 


Manual/Semi-automatic 
Automatic 1000 


Figure 12.2.3 Fillet weld test assembly in plate 


2.3.4 Welding procedure test assemblies are to be welded separately from production welds and are to be marked with the 
unique test identification number. The individual pieces of the test assembly may be held together to maintain their relative joint 
conditions by means of suitable tack welds, clamps or strongbacks. 


2.3.5 Welding of the test assemblies and testing of test specimens is to be monitored by the Surveyor. 


2.3.6 The test assembly is to be placed in one of the welding positions shown in Figure 12.2.4 Plate butt weld test positions 
to Figure 12.2.7 Pipe fillet weld test positions, as specified in the test Welding Procedure Specification (pWPS) and the specified 
level of preheat applied prior to the start of welding. 
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D Position 


Flat 
(Plates horizontal) 


: X Position 


Horizontal 
(Plates vertical 


) 
| Vu f & Vd | 
Positions 


Vertical 
(Plates vertical) 


O Position . 


Overhead 
(Plates horizontal) 2665/06 


Position of test plates for plate assemblies 


Figure 12.2.4 Plate butt weld test positions 
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Pipe horizontal and rotated 
Weld flat 


D Position 


Pipe or tube vertical and 


Pipe or tube horizontal, 
not rotated during welding 


Weld flat, vertical and overhead 


© yo Postion 


in| |e 
Horizontal 


. 7 Pipe inclination fixed and not 
~ rotated during welding 


Axis 2665/05 
@ 45’ Position 


Position of pipes and welds for qualification weld test assemblies 


Figure 12.2.5 Pipe butt weld test positions 
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Throat of weld 
vertical , Axis of weld 


horizontal 


Axis of weld_ — 
horizontal 


Note: One plate must be horizontal 
HORIZONTAL 


Position D Position X 


Axis of weld vertical 


| 
| 
| 

Axis of weld 

horizontal ~ 
| 
| 

Note: One plate must be horizontal 


VERTICAL OVERHEAD 


Position Vu & Vd Position O 2665/02 


Figure 12.2.6 Plate fillet weld test positions 
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Flat Rotated Horizontal (Fixed) Horizontal (Rotated) 
D Position X Position D Position 


2665/03 


Overhead (Fixed) Multiple (Fixed) 
O Position 


Position 


Figure 12.2.7 Pipe fillet weld test positions 


2.3.7 Designations for equivalent welding positions shown by different standards are shown in Table 12.2.1 Equivalent 
designations of welding positions. 


Table 12.2.1 Equivalent designations of welding positions 


Standard 


Weld position 
ISO 6947 


Plate butt welds 


Flat 


Horizontal 


Vertical, weld up 


Vertical, weld down 


Overhead 
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Pipe butt welds 
Pipe horizontal, rotated, weld horizontal D 
Pipe vertical, not rotated, weld horizontal Xx 
Pipe horizontal, not rotated, weld flat, vertical and D+Vu+0 
overhead 
D+Vd+O 
Pipe inclination fixed, not rotated 45° 
Plate fillet welds 
Flat 
Horizontal 
Vertical up 
Vertical down 
Overhead 
Pipe fillet welds 
Flat, pipe rotated 
Horizontal, pipe fixed 
Horizontal, pipe rotated 
Overhead, pipe fixed O 
D+Vu+O 
Multiple, pipe fixed 
D+Vd+O 
2.4 Welding of steel test assemblies 
2.4.1 Welding of the test assembly is to be carried out in accordance with the agreed pWPS. Where, during the progress of 


the test, it is found necessary to change the conditions specified on the pWPS, this is to be brought to the attention of the 
Surveyor. If agreed, the test may be permitted to continue with the new conditions and these are to be recorded. 


2.4.2 Where the production work requires welding over tack welds, the test is to simulate this condition and the tack welds 
are to be included in the inspection length of the test weld and their position recorded. 


2.4.3 For manual and semi-automatic welding processes, weld stops and re-starts are to be included in the inspection length 
of the test weld. 


2.4.4 Fillet weld test assemblies are welded on one side only. 

2.4.5 Where the construction welding is predominately fillet welding, in addition to the butt weld qualification test, a fillet weld 
qualification test is to be performed to confirm that acceptable weld quality is achieved. 

2.5 Non-destructive examination (NDE) 


2.5.1 On completion of welding, prior to sectioning for mechanical tests, the inspection length of the test assembly is to be 
subjected to both visual examination and surface crack detection. 


2.5.2 Butt weld assemblies are also to be subjected to radiographic or ultrasonic examination over the whole inspection 
length of the weld. 


2.5.3 For welds in steels with specified yield strength less than 420 N/mm2, and with carbon equivalent less than or equal to 
0,41 per cent, NDE may be performed as soon as the test assembly has cooled to ambient temperature. For other steels, NDE is 
to be delayed for a period of at least 48 hours after the test assembly has cooled to ambient temperature. 


2.5.4 Where post-weld heat treatment is required, NDE is to be performed after the heat treatment is complete. 
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2:5.5 All NDEs are to be carried out in accordance with the requirements of Ch 7, 5 Non-destructive examination. 
Assessment of results is to be in accordance with ISO 5817 Level B except for excess convexity and excess throat thickness 
where Level C will apply. Linear porosity is not permitted. 


2.5.6 As an alternative to radiography, ultrasonic examination may be carried out and acceptance criteria that are considered 
to result in equivalent weld quality (in accordance with Ch 72, 2.5 Non-destructive examination (NDE) 2.5.5) are to be agreed, with 
the Surveyor, prior to the tests being carried out. Ultrasonic testing will be subject to the thickness limitation specified in Ch 13, 
2.12 Non-destructive examination of steel welds 2.12.5. 


2.5.7 Where the test assembly does not satisfy the nondestructive examination acceptance criteria, the test is to be rejected. 
A duplicate test assembly may be welded using the original welding conditions. If this fails NDE, the welding procedure is to be 
considered as incapable of achieving the requirements without modification. 


2.5.8 Subject to prior agreement with the Surveyor, where unacceptable imperfections are of a volumetric nature and are 
localised in one small area of the test assembly, the test may be permitted to continue and specimens for destructive testing may 
be removed, avoiding this area. 

2.6 Destructive tests —- General requirements 


2.6.1 The weld test assembly may only be sectioned for destructive testing after any heat treatment and the required non- 
destructive examinations have been completed successfully. 


2.6.2 The dimensions of the test specimens and testing conditions are to be in accordance with the requirements specified in 
Ch 2 Testing Procedures for Metallic Materials. 


2.6.3 The results of destructive tests are to be assessed in accordance with the acceptance criteria specified in Ch 12, 2.12 
Mechanical test acceptance criteria for steels, unless other, more stringent requirements are specified for the application. 


2.6.4 Where a weld test is made between materials of different grades, the acceptance criteria that are to be applied are 
those applicable to the lower grade material. 


2.7 Destructive tests for steel butt welds 


2:1 The test assembly is to be sectioned for mechanical testing in accordance with Figure 12.2.8 Butt welds in plate or 
Figure 12.2.9 Butt welds in pipe less than 750 mm diameter. 
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q of weld 


[Sperone 300 oy 


Test requirements 
Visual examination 
Surface crack detection 
100 per cent radiographic examination (see Note 1) 
Two transverse tensile tests 
four bend tests 
Five sets Charpy V-notch impact tests 
1 set notched at centre of weld 
1 set notched at fusion line (FL) 
1 set notched at FL + 2mm 
1 set notched at FL + 5 mm (see Note 2) 
1 set notched at FL + 10 mm (if required) 
G One macro specimen including harness survey 
H All weld metal tensile test (if required) 


Note 1 Radiographic examination may be replaced by ultrasonic examination for test assembly thickness of 8 mm or above. 


Note 2 If required by Figure 12.2.17 Locations of V-notch for butt weld of normal heat input (heat input < 50 kdJ/cm) and 
Figure 12.2.12 Locations of V-notch for butt weld of high heat input (heat input > 50 kd/cm). 


Figure 12.2.8 Butt welds in plate 
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500 mm approximately 


i 


ly 
V 


- 


Test requirements 
Visual examination 
Surface crack detection 
100% radiographic examination (see Note 1) 
Two transverse tensile tests 
Four bend tests. 
Four sets Charpy V-notch impact tests 
1 set notched at centre of weld 
1 set notched at fusion line (FL) 
1 set notched at FL + 2mm 
1 set notched at FL + 5 mm (see Note 2) 
G One macro specimen including hardness survey 


Note 1 Radiographic examination may be replaced by ultrasonic examination for test assembly thickness of 8 mm or above. 


Note 2 If required by Figure 12.2.17 Locations of V-notch for butt weld of normal heat input (heat input < 50 kJ/cm) and 
Figure 12.2.12 Locations of V-notch for butt weld of high heat input (heat input > 50 kd/cm). 


Figure 12.2.9 Butt welds in pipe less than 750 mm diameter 


2.7.2 The longitudinal all weld metal tensile test specimen is to be of circular cross-section as detailed in Ch 17, 2.17 
Dimensions of test specimens 2.1.1. Where more than one welding process or type of consumable has been used to make the 
weld, test specimens are to be removed from each respective area of the weld. This does not apply to the process or 
consumables used to make the root or first weld run. During the test, the yield or proof stress, ultimate tensile strength, and 
elongation to failure are to be recorded. 


2.7.3 Where approved welding consumables have been used, the longitudinal all weld metal tensile test may be omitted. For 
Type C independent tanks intended for liquefied gases, the all weld tensile test is mandatory for all welding procedure tests. 


2.7.4 The transverse tensile test specimen is to be of full thickness with the dimensions shown in Ch 17, 2.1 Dimensions of 
test specimens 2.1.1. The tensile strength and fracture locations are to be reported. 
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2.7.5 Where the maximum load required to fracture the transverse tensile specimen is likely to exceed the capacity of the 
tensile testing equipment, several tensile specimens may be removed through the thickness and tested. Specimens are to be 
prepared such that they overlap in the thickness direction so that the full plate thickness is tested. 


2.7.6 Transverse bend specimens of rectangular section are to be prepared with the weld centred in the middle of the 
specimen as shown in Figure 12.2.10 Transverse bend test specimens. For material of thickness 12 mm or greater, the face and 
root bends may be substituted by side bend tests. Where there is a significant difference between the strength of the weld and 
base material, longitudinal bend specimens may be used. The weld reinforcement may be removed by grinding or machining prior 
to testing and the edges rounded to a radius not exceeding 10 per cent of the specimen thickness. Each specimen is to be bent 
through an angle of at least 180°. The bend test ratio is to be the lesser of the following: 


(a) 
D;= (D/)+1 


or 


D; = 100/E » (rounded up to the next whole number) 


D,; = is the bend test ratio 


(D/t) = is the value from Table 11.3.3 Requirements for butt weld tests (covered electrodes), Table 11.4.3 
Requirements for butt weld tests (wire-flux combinations) or Table 11.8.2 Requirements for butt weld 
tests (all techniques) in Chapter 11, as appropriate 


E,, = is the minimum specified percentage elongation for the test material (based on a proportional gauge 
length of 5, 65,/5, (' 


2.7.0 Where the weld test is made between different material tyoes, the requirements of Ch 12, 2.7 Destructive tests for steel 
butt welds 2.7.8 are to be applied to the material with the lower toughness specification. 


(a) root or face bend specimen t < 12 mm 


10 mm 


J 


(b) side bend specimen t = material thickness 


Figure 12.2.10 Transverse bend test specimens 


21:0 For hull structural steels, impact test specimens are to be prepared from the locations shown in Figure 12.2.11 
Locations of V-notch for butt weld of normal heat input (heat input < 50 kJ/cm) or Figure 12.2.12 Locations of V-notch for butt 
weld of high heat input (heat input > 50 kJ/cm), with the notch perpendicular to the plate surface and have the dimensions and 
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proportions in accordance with Ch 2, 3 Impact tests. Where more than one welding process or type of consumable has been 
used to make the weld, test specimens are also to be removed from these respective parts of the weld. Note that this does not 
apply to the welding process or consumables used solely to make the root or first weld run. Where the weld thickness exceeds 50 
mm, an additional set of impact tests is required from the root area of the weld irrespective or whether different welding process or 
welding consumables are used as shown in Figure 12.2.11 Locations of V-notch for butt weld of normal heat input (heat input < 
50 kd/cm) and Figure 12.2.12 Locations of V-notch for butt weld of high heat input (heat input > 50 kJ/cm). 


(a) t< 50mm (1) 


1-2 mm 1-2 sia 2nd side 


1st side 


NoTE: 
(1) For one side single run welding over 20 mm notch location 'a' is to be added on root side 


1-2 ae 2nd side 


1st side 


Notch locations: 

a: centre of weld 'WM' 

b : on fusion line 'FL' 

c : in HAZ, 2mm from fusion line 


Figure 12.2.11 Locations of V-notch for butt weld of normal heat input (heat input < 50 kJ/cm) 
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(a) t<50mm(1) 


abcde 


1-2 cao 1-2mm 2nd side 


NOTE: 


1st side 
(1) For one side welding with thickness over 20 mm notch location ‘a’, 'b' and 'c' are to be added on root side 


(b) t>50mm 


Notch locations: 

a: centre of weld 'WM' 

on fusion line 'FL' 

in HAZ, 2mm from fusion line 

in HAZ, 5 mm from fusion line 

in HAZ, 10 mm from fusion line in case of heat input > 200 k/cm 


Figure 12.2.12 Locations of V-notch for butt weld of high heat input (heat input > 50 kJ/cm) 


2.7.9 For offshore structures and pressure vessels, impact test soecimens are not required to be notched at the FL + 10 mm 
location. Where more than one welding process or type of consumable has been used to make the weld, test specimens are to be 
removed from the respective areas of the weld. This does not apply to the process or consumables used solely to make the root 
or first weld run. 


2.7.10 For pressure vessels and tanks employed in transportation of liquefied gases, Charpy impact test locations from the 
weld and heat affected zone are to be in accordance with Figure 12.2.13 Locations of V-notch tests for butt welds intended for 
liquefied gas containment systems. 
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(a) t<50mm, see Note 


a bcd ee 


49 mm | 1-2 a 2nd side 


1st side 


NOTE 
For one side welding with thickness over 20 mm notch locations ‘a’, ‘b’ and ‘c’ are to be added on root side 


(a) t>50mm 


1st side 


Notch locations: 


centre of weld ‘WM’ 

on fusion line ‘FL 

in HAZ 1 mm from fusion line 
in HAZ 3 mm from fusion line 
in HAZ 5 mm from fusion line 


a 


Figure 12.2.13 Locations of V-notch tests for butt welds intended for liquefied gas containment systems 


2.7.11. At least one macro examination specimen is to be removed from the test plate, near the end where welding started. The 
specimen is to include the complete cross-section of the weld and the heat affected zone and be prepared and etched to clearly 
reveal the weld runs and the heat affected zone. Examination is to be performed under a magnification of between x5 and x10. 


2.7.12 | Achemical analysis of the weld metal is to be performed on the macro specimen where approved welding consumables 
have not been used. The results are to comply with the limits given in the welding consumable specification. 


2.7.13 Hardness surveys: 


(a) AVickers hardness survey is to be performed on the macro specimen taken from the weld start end of the test assembly in 
accordance with that shown in Figure 12.2.14 Hardness testing locations for butt welds, using a test load not in excess of 10 
kg. For each row of indents, there are to be a minimum of 3 individual indentations in the weld metal, the heat affected zones 
(both sides), the base metal (both sides), and in addition, 2 indentations are required in the grain coarsened heat affected 
zone, one above and one below the hardness survey row. The recommended distance between indents is 1,0 mm, but the 
distance between indents should not be less than the minimum specified in ISO 6507/1. 

(bo) For steel grades EH47, EH47-BCA1 and EH47-BCA2 an additional row of indents is required from the mid-thickness of 
macro specimen. 
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4607/30 


Weld metal 
Parent metal 


4607/13 


HAZ Heat affected zone 
GCHAZ Grain coarsened heat affected zone 
Ss Indentation spacing 


Figure 12.2.14 Hardness testing locations for butt welds 


2.8 Destructive tests for steel fillet welds 


2.8.1 Fillet weld test assemblies are to be sectioned for destructive testing in accordance with Figure 12.2.3 Fillet weld test 
assembly in plate and as follows: 


(a) two fracture tests; 
(b) three macro-sections; 
(c) one hardness survey. 


2.8.2 Two fracture test specimens are to be removed from the test weld and are to be subjected to testing by bending the 
upright plate onto the through plate to produce fracture, as shown in Figure 12.2.3 Fillet weld test assembly in plate. 
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2.8.3 At least three macro examination specimens are to be removed from the test plate. The specimens are to include the 
complete cross-section of the weld and the heat affected zone and is to be prepared to clearly reveal the weld runs and the heat 
affected zone. One of the specimens is to include a weld stop/start position. Examination is to be performed under a magnification 
of between x5 and x10. 


2.8.4 A Vickers hardness survey is to be performed on the macro specimen taken from the weld start end of the test 
assembly in accordance with that shown in Figure 12.2.15 Hardness test locations for fillet welds, using a test load not exceeding 
10 kg. 
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—| -— _ 2mmmex. 


4607/23a 


Heat affected zone 4607/36 


Grain coarsened heat affected zone 
Indentation spacing 


Figure 12.2.15 Hardness test locations for fillet welds 
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2.9 Destructive tests for T, K, Y steel nozzle welds 


2.9.1 Full penetration ‘T', ‘K’ and ‘Y’ joints for structural applications and nozzle welds for pressure vessels are to be 
sectioned for testing in accordance with Figure 12.2.16 Location of macro-examination test specimens for T, K and Y joints and 
tested as detailed below: 


(a) three macro specimens; 
(b) impact tests from the weld, fusion line and fusion line + 2 (where the material thickness permits); 
(c) one hardness survey. 


In addition, butt weld tests are to be performed in accordance with Ch 12, 2.7 Destructive tests for steel butt welds, using the 
same welding conditions, in order to verify acceptable weld and heat affected zone properties. 


£ 


2.9.2 The impact tests are to be removed from the vertical (up) position ‘B’ in Figure 12.2.16 Location of macro-examination 
test specimens for T, K and Y joints and tested in accordance with Ch 12, 2.7 Destructive tests for steel butt welds 2.7.8. 


Position ‘A’ 


Edge preparation and fit-up 
to be as detailed in welding 
procedure 


Position 'B' 


Position 'C' \ 


2665/04 


Assembly to be welded 
with main axis in the 
vertical position 


Figure 12.2.16 Location of macro-examination test specimens for T, K and Y joints 


2.9.3 A Vickers hardness survey is to be performed on the macro-section removed from position ‘A’ or ‘C’ in accordance with 
that shown in Figure 12.2.17 Hardness test locations for T, K and Y joints using a test load not exceeding 10 kg. 
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h<0,5 mm 


4607/24 


HAZ Heat affected zone 
GCHAZ Grain coarsened heat affected zone 
S Indentation spacing 


Figure 12.2.17 Hardness test locations for T, K and Y joints 


2.10 Destructive tests for steel pipe branch welds 


2.10.1 Pipe branch welds may be by either full penetration, partial penetration or fillet welded, depending on the application 
and the approved plans. Where these types of welded joints are used, tests are to be performed which simulate the construction 
conditions. 


2.10.2 The test weld assembly is to simulate the smallest angle between the branch and main pipe and is to be subjected to 
macro-examination and hardness testing, as follows: 


(a) For a branch weld that is full penetration, testing is to be performed in accordance with the requirements for ‘T', ‘K’ and ‘Y’ 
joints in Ch 12, 2.9 Destructive tests for T, K, Y steel nozzle welds. 

(o) Fora branch weld that is either a partial penetration or fillet weld, testing is to be in accordance with the requirements for fillet 
welds in Ch 712, 2.8 Destructive tests for steel fillet welds. 


2.11 Destructive tests for weld cladding of steel 


2.11.1 Where weld cladding or overlay is allowed by Ch 13 Requirements for Welded Construction, and is considered as 
providing strength to the component to which it is welded, the type and location of test specimens are to be in accordance with 
Figure 12.2.18 Type and location of test specimens for weld cladding, except that micro-sections are not required. Impact tests 
may be omitted where the base material does not have specified impact properties. The longitudinal tensile and bend tests are to 
be tested in a similar manner to transverse specimens specified in Ch 12, 2.7 Destructive tests for steel butt welds 2.7.2 and Ch 
12, 2.7 Destructive tests for steel butt welds 2.7.6, respectively. 
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Weld cladding 
5-Long. macro and ; 
hardness survey me 4-HAZ impacts 


1 and 2 lomg. bend 
and tensile 6-Trans. ri 


~\_f 


L AZ LLM 


100 mm minimum 


Test diameter 


3-weld impact 5-long. macro and 
hardness survey 


Test specimens 
Longitudinaltensile test to include the weld metal, heat affected zone (HAZ) and base metal. 
Longitudinal side bend test to include the weld metal, heat affected zone (HAZ) and base metal. 
Weld metal Charpy V notch impact test. 
HAZ Charpy impact test from Fusion Line and Fusion Line + 2 mm. 
Longitudinal macro-section and hardness survey. 
Transverse micro-section. 


In the case of shafts and pipes of circular section, the longitudinal direction is parallel to the centreline of the shaft or pipe axis. 


Figure 12.2.18 Type and location of test specimens for weld cladding 


2.11.2. Where the weld cladding is not considered as contributing to the strength of the component, but is required for 
corrosion or wear resistance, the type and location of test specimens are to be in accordance with Figure 12.2.18 Type and 
location of test specimens for weld cladding, except that tensile and impact tests are not required. 


2.11.3. Where the weld cladding is applied for corrosion resistance, in addition to the above, weld metal analysis is to be 
performed on one of the micro-sections, on the final weld surface but 2 mm deep. The analysis is to be within the limits specified 
for the corrosion resistance required. 


2.12 Mechanical test acceptance criteria for steels 
2.12.1 Longitudinal all weld metal tensile test: 


(a) In general, the longitudinal all weld tensile test is to meet the minimum properties specified in Table 17.3.2 Requirements for 
deposited metal tests (covered electrodes) or Table 11.4.2 Requirements for deposited metal tests (wire-flux combinations), 
as appropriate to the grade of steel and welding process used in the test. 

(b) Where the application is such that no consumable approvals are specified in Ch 11 Approval of Welding Consumables, the 
longitudinal all weld tensile test tensile is to meet the minimum properties specified for the base materials used in the test. 

c) For pressure vessels manufactured from carbon or carbon/manganese steels, the tensile strength from the longitudinal all 
weld tensile test is not to be less than the minimum specified for the plate material and is not to be more than 145 N/mm? 
above this value,see Ch 13, 4.8 Mechanical requirements 4.8.3. 

d) For tanks intended for liquefied gases, the weld metal strength may be lower than the minimum specified for the base metal 
provided that the application has design approval. In such cases the strength is not to be less than that specified in the 
approved design. 

e) For base metal grades with minimum specified yield strength level of 890 and 960 N/mm?, the weld metal strength may be 
lower than the minimum specified for the base metal provided that the application has design approval for the undermatching 
weld metal. In such cases the weld metal strength is not to be less than that specified in the approved design. 


2.12.2 Transverse tensile test: The tensile strength measured from the transverse tensile test is not to be less than the 
minimum specified for the base material used in the test. For tanks intended for liquefied gases and for other types of assemblies 
for base metal grades with minimum specified yield strength level of 890 and 960 N/mmé2, a lower ultimate tensile may be 
accepted subject to design approval as in Ch 12, 2.12 Mechanical test acceptance criteria for steels 2.12.1.(d) and Ch 12, 2.12 
Mechanical test acceptance criteria for steels 2.12.1.(e). 
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2.12.3 Bend tests: 


In general, bend tests are to exhibit no defects exceeding 3,0 mm measured in any direction across the tension face of the 
specimen after being bent over the required diameter of former to the appropriate angle. 

Bend tests for pressure vessel applications are to exhibit no defects exceeding 3,0 mm measured along the specimen or 1,5 
mm measured transverse to the specimen axis, after bending. 

In all cases, premature failure of the bend tests at the edges of the specimen is to not be cause for rejection unless these are 
associated with a weld defect. 


2.12.4 Impact toughness tests: 


(a) 


Impact test specimens for hull construction are to be tested at the temperature, and are to achieve the minimum impact 
energy, as specified in Table 12.2.2 Impact test requirements for butt joints (t < 50 mm) see Notes 7 and 2 and Table 12.2.3 
Impact test requirements for butt joints (t > 50 mm) see Notes 1 and 2. 

Impact test specimens for applications other than hull construction are to be tested at the same temperature and achieve the 
same minimum energy values, as specified for the base materials used in the test. 

Impact test acceptance criteria are to be in accordance with the above unless the Rules applicable to the particular 
construction specify more stringent requirements. 

For quench and tempered steels, the required test temperature and absorbed energy are to be in accordance with that 
specified for the parent materials. For base metal grades with minimum specified yield strength level of 890 and 960 N/mm, 
the weld metal absorbed energy may be lower than the minimum specified for the base metal provided that the application 
has design approval for the undermatching weld metal. In such cases the absorbed energy is not to be less than that 
specified in the approved design. 


Table 12.2.2 Impact test requirements for butt joints (¢ < 50 mm) see Notes 1 and 2 


Average energy (J) minimum, see Note 4 


Test temperature (°C) | Manual or semi-automatic welded joints 


Grade of steel 


Automatically welded 
Downhand, Horizontal, Vertical upward, Vertical joints 


Overhead downward 


see Note 4 


A, see Note 3 
B, see Note 3, D 
E 
AH82, AH36 
DH82, DH36 
EH32, EH36 


FH32, FH36 


AH40 
DH40 


EH40 


FH40 


Note 1. The impact test requirements for steel grade EH47 are detailed in Ch 12, 2.12 Mechanical test acceptance criteria for steels 
2.12.4 in Ch 12, 2 Welding procedure qualification tests for steels. 


Note 2. These requirements are to apply to test piece of which butt weld is perpendicular to the rolling direction of the plates. 


Note 3. For grade A and B steels average absorbed energy on fusion line and in heat affected zone is to be a minimum of 27 J. 


Note 4. For Naval ships both the test temperature and value of minimum energy absorbed are to be those specified for the parent 
material. 
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Table 12.2.3 Impact test requirements for butt joints (¢ > 50 mm) see Notes 1 and 2 


Grade of steel Test temperature (°C) Average energy (J) minimum, see Note 2 
See Note 2 


Manual or semi-automatic welded joints Automatically welded joints 


Downhand, Horizontal, Vertical upward, 


Overhead Vertical downward 


34 34 


34 
38 


38 


AH82, AH36 41 
DH32, DH36 At 


EH32, EH36, EH36-BCA1 41 


FH32, FH36 41 


AH40 46 
DH40 46 


EH40, EH40-BCA1, EH40- 46 
BCA2 


FH40 si 


EH47, EH47-BCA1, EH47- 64 
BCA2 


Note 1. These requirements are to apply to test piece of which butt weld is perpendicular to the rolling direction of the plates. 


Note 2. For the Naval ships, both the test temperature and value of minimum absorbed energy are to be those specified for the parent material. 


23225 Macro-examination:The macro-section is to reveal an even weld profile blending smoothly with the base material. The 
weld dimensions are to be in accordance with the requirements of the pWPS and any defects present are to be assessed against 
the non-destructive examination acceptance criteria given in Ch 12, 2.5 Non-destructive examination (NDE) 2.5.5. 


2.12.6 | Hardness surveys: 


(a) The maximum hardness value is not to exceed 350 Hv for steel grade EH47 and 380 Hv for steel grades EH47-BCA1 and 
EH47-BCA2. 

(bo) For all other steel grades, themaximum hardness value is not to exceed 350 Hv for steels with a specified minimum yield 
strength up to <420 N/mm, nor exceed 420 Hv for steels with a specified minimum yield strength in the range 420 N/mm2 t 
0690 N/mm?. 


2.12.7 Weld fracture or break tests (for pressure vessel test welds): The faces of the broken fillet weld fracture or weld 
break test are to be examined for defects and assessed in accordance with the non-destructive acceptance criteria given in ISO 
5817 Level B, except for excess convexity and excess throat thickness where Level C will apply. 

2.13 Failure to meet requirements (Retests) 


2.13.1 Where a tensile, bend or hardness specimen fails to meet requirements, further test specimens may be removed and 
tested in accordance with the requirements of Ch 2, 7.4 Re-testing procedures 1.4.7. 


2.13.2 | Where an impact specimen fails to meet requirements, a further set of three specimens may be removed and tested in 
accordance with the requirements of Ch 2, 1.4 Re-testing procedures 1.4.4. 


2.13.3 Where amacro specimen reveals a defect that is planar in nature, the welding procedure test is to be considered as not 
satisfying the requirements and a new test assembly is required. 
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2.13.4 | Where a macro specimen does not meet requirements as a result of a volumetric imperfection exceeding the permitted 
size, two additional specimens may be removed from the same test weld and examined. If either of these macro-sections also fails 
to satisfy the requirements, the welding procedure is to be considered as not having met the requirements. 


2.13.5 If there is a single hardness value above the maximum values specified, additional hardness tests are to be carried out, 
either on the reverse of the specimen, or after sufficient grinding of the tested surface. None of the additional hardness values is to 
exceed the maximum hardness values specified, otherwise the welding procedure is to be considered as not having met the 
requirements. 


2.13.6 Where there is insufficient material available in the welded test assembly to provide re-test specimens, subject to prior 
agreement with the Surveyor, a second assembly may be welded using the same conditions as the original test weld. 
2.14 Test records 


2.14.1 The procedure qualification record (PQR) is to be prepared by the manufacturer and is to include details of the welding 
conditions used in the test specified in Ch 12, 2.2 Welding variables and the results of all the non-destructive examinations and 
destructive tests, including re-tests. 


2.14.2 Provided that the PQR lists all the relevant variables and there are no inconsistent features and the results satisfy the 
requirements, the PQR may be endorsed by the Surveyor as satisfying the requirement of the Rules, see also Ch 12, 1.1 General 
1.1.4. 

2.15 Range of approval 


2.15.1. A welding procedure qualification test that has successfully met the requirements may be used for a wider range of 
applications than those used during the test. 


2.15.2 | Changes outside of the ranges specified are to require a new welding procedure test. 


2.15.3 Other ranges of approval from those specified in this Section may be agreed with the Surveyor, provided that they are in 
accordance with recognised National or International Standards. 


2.15.4 Manufacturer. A welding procedure qualified by a manufacturer is valid for welding in workshops under the same 
technical and quality management. 


2.15.5 Welding process and technique. The welding process and welding techniques approved are to be those employed 
during the welding procedure qualification test. Where multiple welding processes are used, these are to be employed in the same 
order as that used in the welding procedure qualification test. However, it may be acceptable to delete or add a welding process 
where it has been used solely to make the first weld run in the root of the joint, provided back gouging or grinding of the root weld 
is specified on the WPS. For multi-process procedures, the welding procedure approval may be carried out with separate welding 
procedure tests for each welding process. 


2.15.6 Welding positions. Approval for a test made in any position is restricted to that position. To qualify a range of 
positions, test assemblies are to be welded for the highest heat input position, and the lowest heat input position, and all 
applicable tests are to be made on those assemblies. The above excludes welding in the vertical position with travel in the 
downward direction which will always require separate qualification testing and only be acceptable for that position. 


2.15.7 Joint types. A qualification test performed on a butt weld may be considered acceptable for fillet and partial 
penetration welds, provided the same welding conditions are used. The range of approval depending on the type of joint for butt 
welds is given in Table 12.2.4 Range of approval for different types of butt joints. 


Table 12.2.4 Range of approval for different types of butt joints 


Type of welded joint for test assembly Range of approval 


With backing A,C 
One side 
Without backing A,B,C,D 


Butt welding 


With gouging Cc 
Both sides 
Without gouging C,D 


2.15.8 Range of material types: 
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(a) 


For normal and higher strength steels, for each strength level, welding procedures are considered applicable to the same and 
lower toughness grades as that tested. For each toughness grade, welding procedures are considered applicable to the 
same and two lower strength levels as that tested with the exception of the two-run (T) or high welding heat input (A) 
techniques where acceptance is limited to the strength level used in the test. 

A qualification test performed on H47 strength grade steels may be used to weld the steel of the same strength level or grade 
H40 and all lower toughness grades to that tested. 

The range of approval for the crack arrest steel grades is shown in Table 12.2.5 Range of approval for crack arrest steel 
grades. Welding procedures qualified on non-brittle crack steel grades are also considered applicable to corresponding brittle 
crack arrest steel grades where production heat input does not exceed 50 KJ/cm. For higher heat input, the welding 
procedures are to be qualified on crack arrest steel grades. 


Guidance: As an example, the corresponding crack arrest steel grades for non-brittle crack arrest steel grade EH40 are 
EH40-BCA1 and EH40-BCA2. 

For high strength quenched and tempered steels, for each strength level, welding procedures are considered applicable to 
the same and lower toughness grades as that tested. For each toughness grade, welding procedures are considered 
applicable to the same and one lower strength level as that tested. The approval of quenched and tempered steels does not 
qualify thermo-mechanically rolled steels (TMCP steels) and vice versa. 

For weldable C and C-Mn steel forgings, welding procedures are applicable to the same and lower strength level as that 
tested. The approval of quenched and tempered steel forgings does not qualify other delivery conditions and vice versa. 

For weldable C and C-Mnh steel castings, welding procedures are applicable to the same and lower strength level as that 
tested. The approval of quenched and tempered steel castings does not qualify other delivery conditions and vice versa. 
Dissimilar materials. Where a qualification test has been performed using dissimilar materials, acceptance is to be limited to 
the materials used in the test. 


2.15.9 Thickness and diameter range: 


For straight butt welds, the material thickness range to be approved is to be based on the thickness of the test piece and the 
type of weld as shown in Table 12.2.6 Welding procedure thickness approval range - Butt welds. 

For butt welds between plates of unequal thickness, the lesser thickness is the ruling dimension. 

For fillet welds and ‘T’ butt welds, Table 12.2.6 Welding procedure thickness approval range - Butt welds is to be applicable 
to both the abutting and through member thicknesses. In addition to the requirements of Table 12.2.6 Welding procedure 
thickness approval range - Butt welds, the range of approval of throat thickness ‘a’ for fillet welds is to be as follows: 


single run: 0,75a to 1,5a 


multi-run: as for butt welds with multi-run (i.e. a =t) 

Notwithstanding any of the above, the approval of maximum thickness of base metal for any technique is to be restricted to 
the thickness of the test assembly if three of the hardness values in the heat affected zone are found to be within 25 Hv of the 
maximum permitted. 

The material diameter range to be approved is to be based on the diameter of the test piece and type of weld as shown in 
Table 12.2.7 Diameter range approved. 


Table 12.2.5 Range of approval for crack arrest steel grades 


terial grade for the test assembly Range of Approval 


EH36-BCA1 EH36-BCA1 


EH40-BCA1 EH40-BCA1 


EH40-BCA2 EH40-BCA2, EH40-BCA1 


EH47-BCA1 EH47-BCA1 
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Test thickness, 
see Note 1 
(tin mm) 


Range approved 


All multi-run butt welds and all 
fillet welds 
see Notes 2 and 3 


All single-run or two-run (T 
technique) butt welds 


t<3 


8<t<12 


12 <t<100 


t to 2t 


3 to 2t 


0,5t to 2t, 
see Note 1 


0,7t to 1,1t 


0,7t to 1,1t 


0,7t to 1,1t 
see Note 4 


t> 100 


0,5t to 1,5t 


0,7t to 1,1t 


Chapter 12 


see Note 4 


Note 1. Subject to a maximum limit of 150 mm. 


Note 2. For multi process procedures, the recorded thickness contribution of each process is to be used 
as a basis for the range of approval of the individual welding process. 


Note 3. For vertical down welding, the test piece thickness, t, is the upper limit of the range of application. 


Note 4. For processes with heat input over 5,0 kJ/mm, the upper limit of the range of approval is to be 1,0 
t. 


Table 12.2.7 Diameter range approved 


Range of diameters 
approved 


Diameter used for test, 


see Note 1 


D<25mm 
D>25mm 


0,5D to 2D 
> 0,5D, see Note 2 


Note 1. D is the outside diameter of the pipe or the smallest side dimension of rectangular hollow 
section. 


Note 2. Lower diameter range limited to 25 mm minimum. 


Note 3. Qualification given for plates also covers pipes when the outside diameter is greater than 500 
mm or when the diameter is greater than150 mm welded in the Downhand (D) or Horizontal ( X ) 
positions. 


2.15.10 Welding consumables: 


(a) For manual and semi-automatic welding used for the fill and capping weld runs, it may be acceptable to change the brand or 
trade name of the welding electrode or wire from that used in the test, provided the proposed alternative has the same or 
higher approval grading and the same flux type (e.g. basic low hydrogen, rutile, etc.) as used in that test. 

(b) For the consumable used to make the root weld of full penetration butt welds made from one side only, no change in the type 
or trade name of the consumable or backing material is permitted. Alternative backing materials may be used provided they 
are equivalent to those used for approval. Where the approved backing material is a low hydrogen grade and the steel being 
welded requires a low hydrogen backing material, testing of the alternative backing material is to confirm compliance with the 
requirements of Ch 17, 7 Consumables for use in one-side welding with temporary backing materials. 

(c) For processes with heat input over 5 kJ/mm, no change in the type or trade name of the consumable is permitted. 


2.15.11 Shielding gas. For gas shielded welding processes, a change in shielding gas composition from that used in the test 
will require a new qualification test. 
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2.15.12 Heat Input. The upper limit of heat input approved is 25 per cent greater than that used in the test, or 5,5 kJ/mm, 
whichever is the smaller. With heat input over 5,0 KJ/mm, the upper limit is 10 per cent above that used in the test. In all cases, 
the lower limit of heat input approved is 25 per cent lower than that used in the test. 


2.15.13 Current type. The current type used during the qualification test is to be the only type approved. Additionally, changes 
from or to pulsed current require new qualification tests. 


2.15.14 Preheat temperature. The temperature used during the test is to be the minimum approved. Higher temperatures 
may be specified for production welds up to the maximum interpass temperature. Where hardness tests have been performed that 
exhibit results near the maximum permitted, an increase in preheat temperature is required when welding material of greater 
thickness than that used in the test. 


2.15.15 | _Interpass temperature. The maximum interpass temperature recorded during qualification testing is to be the 
maximum approved. Lower temperatures may be specified for production welding, but no lower than the minimum preheat 
temperature. 


2.15.16 Post-weld heat treatment. A qualification test performed with no post weld heat treatment is only acceptable for 
production welding where no heat treatment is applied. Where the qualification test has included a post weld heat treatment, this 
is to be applied to all welds made with the welding procedure. The average specified soak temperature may vary by up to 25°C 
from that tested. 


2.15.17 Shop primers. Welding procedure qualification with shop primers qualifies welds without primer, but not vice versa. 


2.16 Welding procedure specification (WPS) 


2.16.1. A welding procedure specification (WPS) is to be prepared by the manufacturer detailing the welding conditions and 
techniques to be employed for production welding. The WPS is to be based on the conditions and variables used during the 
qualification test, and is to include all the ranges of the essential variables specified in Ch 12, 2.2 Welding variables 2.2.1 and Ch 
12, 2.15 Range of approval. 


2.16.2 |The WPS should reference the procedure qualification record upon which it is based and is to be approved by the 
Surveyor prior to commencing production welding. 


a Section 3 
Specific requirements for stainless steels 


3.1 Scope 


3.1.1 The requirements of this Section relate to the group of steel materials classed as stainless steels and include austenitic 
and duplex grades and martensitic grades. 


3.1.2 In all cases, welding procedure tests are to be performed generally in accordance with Section 2 with the specific 
requirements specified below. 
3.2 Austenitic stainless steels 


3.2.1 The requirements of this Section relate to the group of stainless steel materials that are austenitic at ambient and sub- 
zero temperatures, (e.g. 304L, 316L types), see Table 3.7.1 Chemical composition in Ch 3 Rolled Steel Plates, Strip, Sections and 
Bars. 


3.2.2 Impact tests are to be performed from specimens removed from the weld metal. Tests in the heat affected zone are not 
required. The specimens are to achieve the minimum impact energy, as specified in Table 17.8.2 Requirements for butt weld tests 
(all techniques). in Ch 11 Approval of Welding Consumables 


3.2.3 Hardness tests are generally not required. 


3.2.4 For cryogenic or corrosion resistant applications, the ferrite content in the weld cap region is to be measured and is to 
be in the range 2 to 10 per cent, with the exception of grades S 31254 and N 08904 where the content is to be nominally zero. 


3.2.5 A qualification test performed on an austenitic grade may be considered acceptable for welding other austenitic steels 
with the same or lower level of alloying elements and the same or lower tensile strength. 


3.2.6 A qualification test performed for cryogenic applications may be considered acceptable for chemical applications, but 
not vice versa. 
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3.3 Duplex stainless steels 
3.3.1 The requirements of this Section relate to the group of stainless steel materials that have a ferritic-austenitic structure 
and are usually referred to as duplex or super duplex stainless steels (e.g. S 31808, S 32760). 
3.3.2 Impact test specimens are to be removed from the weld and heat affected zone in accordance with Ch 12, 2 Welding 


procedure qualification tests for steels with the exception that impact test specimens notched at the FL + 10 mm location are not 
required. The specimens are to be tested at a temperature of —20°C or the minimum design temperature whichever is the lower 
and exhibit a minimum average energy of 40 J. 


3.3.3 The corrosion resistance is to be maintained in the welded condition and the following tests are to be performed to 
demonstrate acceptable resistance, unless agreed otherwise. 


(a) A sample is to be removed from the weld and heat affected zone for micro-structural examination and is to be suitably 
prepared and etched so that the microstructures of the weld and heat affected zones can be examined at a magnification of 
x200 or higher. The micro-structure of the weld and heat affected zone is to be examined, the percentage grain boundary 
carbides and intermetallic precipitates is to be reported. 

(b) The ferrite content in the un-reheated weld cap and cap HAZ along with the weld root and root HAZ are to be measured and 
reported. The ferrite content is to be in accordance with Table 12.3.1 Requirements for ferrite content and corrosion tests for 
duplex stainless steel test welds. Where the intended construction is such that the corrosion medium is only in contact with 
one surface of the weld (i.e. the weld root), the ferrite determination need only be reported in that surface area. 

(c) Corrosion testing is to be performed on samples removed from the weld such that both the weld and HAZ are included in the 
test. The critical pitting temperature is to be determined in accordance with ASTM G48 Method C and meet the requirements 
specified in Table 12.3.1 Requirements for ferrite content and corrosion tests for duplex stainless steel test welds. The cap 
and root surfaces are to be inspected for evidence of pitting and may require probing the surface with a needle. Pitting found 
on the ends of the specimen in the weld cross-section may be ignored. The use of the weight loss method for corrosion 
testing may be accepted subject to special consideration. 


Table 12.3.1 Requirements for ferrite content and corrosion tests for duplex stainless steel test welds 


Duplex Stainless Mini itical 
uplex Stai Weld and HAZ oe Critical 
Steel Pitting Temperature 


Ferrite content 
Material Grade (CPT) 


S$ 31260 30 to 70% 20°C 
$ 31803 30 to 70% 20°C 
S 32550 35 to 65% 25°C 


S 32750 35 to 65% 25°C 


S 32760 35 to 65% 25°C 


3.3.4 Where the test weld is between a grade of carbon steel and duplex stainless steel, the test requirements of Ch 12, 3.3 
Duplex stainless steels 3.3.3.(a) and Ch 12, 3.3 Duplex stainless steels 3.3.3.(c) are not required and the ferrite content of the weld 
and the duplex heat affected zone are to be reported for information. 


3.3.5 A qualification test performed on a duplex stainless steel grade may be considered acceptable for welding other duplex 
grades which have the same or less stringent mechanical or corrosion properties. 


3.3.6 The range of heat input is not to vary by more than +10 per cent or —25 per cent from that used during testing. 


3.4 Martensitic stainless steels 


3.4.1 The requirements of this Section relate to the group of stainless steel materials that have a martensitic structure at 
ambient temperatures, see Table 4.5.1 Typical chemical composition for steel propeller castings in Ch 4 Steel Castings. 


3.4.2 The results of the hardness survey results are to be reported for information purposes only. 


3.4.3 A qualification test is considered acceptable only for the grade of material used in the test. 
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a Section 4 
Welding procedure tests for non-ferrous alloys 
4.1 Requirements for aluminium alloys 
4.4.14 The requirements for welding procedure qualification tests for aluminium alloys are to be in accordance with the general 


requirements of Ch 12, 2 Welding procedure qualification tests for steels with the following exceptions and specific requirements. 


4.1.2 Non-destructive examination is to be performed in accordance with Ch 12, 2.5 Non-destructive examination (NDE) and 
the assessment of results is to be in accordance with Table 12.4.1 Acceptance criteria for surface imperfections of aluminium 
alloys and Table 12.4.2 Acceptance criteria for internal imperfections of aluminium alloys. 


Table 12.4.1 Acceptance criteria for surface imperfections of aluminium alloys 


? Ma Classification according to reek 
Surface discontinuity Acceptance criteria 
ISO 6520-1 


Crack Not permitted 
Lack of fusion Not permitted 


Incomplete root Not permitted 
penetration in butt joints 
welded from one side 


Surface pore d<0,1s or 0,1a 
max. 1,0 mm 


Uniformly distributed <0,5% of area 
porosity (see Note 1) 


Clustered porosity Not permitted 


Continuous undercut Not permitted 


ntermittent undercut h <0,1t or 0,5 mm (whichever is the lesser) 


Excess weld metal (see h<1,5 mm + 0,16 or 6 mm (whichever is the lesser) 
Note 2) 


Excess penetration h<4mm 


Root concavity (see h <0,05t or 0,5 mm (whichever is the lesser) 
Note 2) 


Linear misalignment (see h <0,2t or 2,0 mm (whichever is the lesser) 
Notes 3 and 4) 


Symbols 
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nominal throat thickness of a fillet weld 


width of weld reinforcement 


diameter of a gas pore 


height or width of an imperfection 
nominal butt weld thickness 


wall or plate thickness (nominal size) 


Note 1. To be in accordance with EN ISO 10042. 


Note 2. A smooth transition is required. 


Note 3. The limits for linear misalignment relate to deviations from the correct position. Unless otherwise specified, the 


correct position is to be taken when the centrelines coincide. 


Note 4. Dimensional tolerances not specified in these Rules are to be mutually agreed between the manufacturer and 


the Surveyor. 


Table 12.4.2 Acceptance criteria for internal imperfections of aluminium alloys 


Classification according to 


Internal discontinuity ISO 6520-1 


Acceptance criteria 


Crack 100 
Lack of fusion 401 

ncomplete penetration 402 
Single gas pore 2011 
Linear porosity (see Note 2) 2014 


Uniformly distributed porosity (see 2012 
Note 2) 


Clustered porosity (see Note 1) 


Elongated cavity 
Wormhole 


Oxide inclusion (see Note 2) 


Tungsten inclusion 


Copper inclusion 


Multiple imperfections in any 
cross-section 


ot permitted 
ot permitted 


ot permitted 


ot permitted 
0,5t to 3t 

> 3t to 12t 

> 12t to 30t 


> 30t 


d <0,2s or 0,2a or 4 mm (whichever is the lesser) 


< 1% of area 


< 2% of area 


< 3% of area 


< 4% of area 


dA < 15 mm or wp (whichever is the lesser) 


/<0,2s or 0,24 or 3mm (wi 


/<0,2s or 0,24 or 3mm (wi 
/<0,2s or 0,24 or 3mm (wi 
Not permitted 


The sum of the acceptable 


hichever 


hichever 


hichever 


individual 


is the lesser 


is the lesser 


is the lesser 


imperfectio 


ns in any cross-section 


is not to exceed 0,2t or 0,2a (whichever is the lesser) 


Symbols 
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nominal throat thickness of a fillet weld 


diameter of a gas pore 


height or width of an imperfection 

nominal butt weld thickness 

wall or plate thickness (nominal size), in mm 

width of weld or width or height of cross-sectional area 
diameter of area surrounding gas pores 


length of imperfection in longitudinal direction of weld 


Note 1. For this acceptance criterion, linear porosity is to be considered as three aligned gas pores in a length of 25 mm. 


Note 2. Porosity is to be determined in accordance with ISO 10042. The requirements for a single gas pore are to be met by all the gas pores 
within this circle. Systematic clustered porosity is not permitted. 


4.1.3 Acceptance of the mechanical tests is to be in accordance with Ch 711, 9 Consumables for welding aluminium alloys. 
Welding of the strain hardened and heat treatable aluminium alloys will generally result in a loss of tensile strength in the heat 
affected zone below that specified for the base materials and the tensile strength acceptance criteria to be applied is that specified 
for the material in the annealed or ‘as fabricated’ condition. Minimum values of tensile strength measured on the transverse tensile 
samples are given in Table 12.4.3 Tensile strength requirements by grade for aluminium alloys. 


Table 12.4.3 Tensile strength requirements by grade for aluminium alloys 


Parent material Grade Minimum tensile strength 
(alloy designation) (N/mm?) 


5754 190 
5086 240 
5083 275 


5383 290 


5059 330 


5456 290 
6005A 170 
6061 170 


6082 170 


4.1.4 Impact tests and hardness surveys are not required for aluminium alloys. 


4.1.5 Four side bend tests may be used in place of root and face bends where the test thickness exceeds 12 mm, and 
longitudinal bend tests may be used instead of transverse tests where the test weld is between different grades of alloy. Bend 
specimens are to be bent round a former in accordance with Table 11.9.1 Requirements for butt weld tests in Chapter 11, with the 
exception that the 6000 series alloys may be bent round a former with D/t = 7. 


4.1.6 The ranges of approval to be applied to the WPS are to be as specified for steel in Ch 12, 2.15 Range of approval with 
the following exceptions: 


(a) The welding positions approved are as detailed in Table 12.4.4 Welding procedure approval, welding positions for aluminium 
alloys. 
(b) The aluminium alloys are grouped into three groups as follows: 


e — Group A: aluminium-magnesium alloys, with Mg content <3,5 per cent (alloy 5754). 


° Group B: aluminium-magnesium alloys with 4 per cent <Mg <5,6 per cent (alloys 5059, 5083, 5086, 5383 and 5456). 
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Group C: aluminium-magnesium-silicon alloys (alloys GO05A, 6061 and 6082). 


For each group, the qualification made on one alloy qualifies the procedure also for the other alloys in the group, with equal or 
lower tensile strength after welding. The qualification made on group B alloys qualifies the procedure for Group A alloys also. 
Approval for the range of material grades is summarised in Table 12.4.5 Welding procedure approval, aluminium material 
grades approved. 
The qualification of a procedure carried out on a test assembly of thickness t is valid for the thickness range given in Table 
12.4.6 Range of qualification for parent material thickness. In the case of butt joints between dissimilar thicknesses, t is the 
thickness of the thinner material. In the case of fillet joints between dissimilar thicknesses, t is the thickness of the thicker 
material. In addition to the requirements of Table 12.4.6 Range of qualification for parent material thickness, the range of the 
qualification of throat thickness of fillet welds, a, is given in Table 12.4.7 Range of qualification of throat thickness for fillet 
welds. Where a fillet weld is qualified by a butt weld test, the throat thickness range qualified is to be based on the thickness 
of the deposited weld metal. 

The range of shielding gas compositions approved is to be in accordance with Table 11.9.2 Shielding gas compositions in Ch 
11 Approval of Welding Consumables. 

A change in the brand or trade name of the filler metal from that used in the test is acceptable, provided that the proposed 
consumable has the same or higher strength grading. 

A change in post-weld heat treatment or ageing is not permitted, except that for the heat treatable alloys, artificial ageing may 
give approval for prolonged natural ageing. 


Table 12.4.4 Welding procedure approval, welding positions for aluminium alloys 


Test Position Positions Approved 


Downhand D 


Horizontal-vertical D, X 


Vertical up Vu D, X, Vu 


Overhead O D, X, Vu and O 


Note Welding in vertical down (Vd) position is not recommended. 


Table 12.4.5 Welding procedure approval, aluminium material grades approved 


Material used in 


Gualiicationtest Material Grades approved 
ualificati 


5754 


5086 


5083 


5383 


5059 


5456 5456 5383 5083 


6005A 6005A 6082 6061 


6082 6005A 6082 6061 


6061 6005A 6082 6061 


Note Approval includes all the different strained and tempered conditions in each case. 
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Table 12.4.6 Range of qualification for parent material thickness 
Thickness of test Range of qualification Range of qualification 
assembly, Multi pass welds All single-run or two-run (T 
t (mm) technique) butt welds 
t<3 0,5 to 2t 0,5t to 1,1t 
38<t<20 3 to 2t 0,5t to 1,1t 
t>20 > 0,8t 0,5t to 1,1t 
Table 12.4.7 Range of qualification of throat thickness for fillet welds 
Throat thickness of test Range of qualification 
piece, a (mm) 
a<10 0,75ato1,5a 
a>=10 >7,5 
4.2 Requirements for copper alloys 
4.2.1 The requirements for welding procedure qualification tests for copper alloys are to be in accordance with the 


requirements for steel as given in Ch 12, 2 Welding procedure qualification tests for steels with the following exceptions and 
additions. 


4.2.2 Impact tests on copper alloys are not required. 
4.2.3 Hardness tests are not required for seawater service. 


4.2.4 For the welding of cast copper alloys for propellers, the minimum tensile strength from the transverse tensile test is to be 
in accordance with Table 12.4.8 Minimum transverse tensile strengths for welded copper alloy propellers . 


Table 12.4.8 Minimum transverse tensile strengths for welded copper alloy propellers 


Alloy designation Minimum tensile strength 
(N/mm?) 


4.2.5 Bend tests are to be performed over a diameter of former as detailed in Table 12.4.9 Former diameters for bend testing 
of copper alloy welds. 


Table 12.4.9 Former diameters for bend testing of copper alloy welds 


Alloy designation Former diameter 
(see Ch 9 Copper Alloys) (D/t) 


Cast propellers: 
Cut 4 
CU2 4 
CU3 6, see Note 


CU4 6, see Note 


Other short freezing range castings: 
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Copper-Nickel 90/10 
Copper-Nickel 70/30 


Aluminium bronze 


Wrought alloys (tubes and pipes): 


Copper-phosphorus 
Aluminium-brass 
90/10 Copper-nickel-iron 


70/30 Copper-nickel-iron 


Note Where the qualification tests for these alloys are subjected to post-weld heat treatment the 
former diameter may be increased to D/t = 10. 


4.2.6 The range of approval to be applied to the WPS is to be as specified in Ch 12, 2.15 Range of approval with the 
exception of the material grades which are detailed in Table 12.4.10 Range of approval for copper alloy material grades. 


Table 12.4.10 Range of approval for copper alloy material grades 


Alloy grade used in the qualification test Alloy grades approved 


Cut Cut 
CU2 CU1 and CU2 
CU3 CU3 


CU4 CU4 see Note 1 


90/10 Copper -Nickel-lron 90/10 Copper -Nickel-lron 


70/30 Copper -Nickel-lron 70/30 Copper -Nickel-lron and 


90/10 Copper -Nickel-lron 


Copper-Phosphorus deoxidised - arsenical Copper-Phosphorus deoxidised - arsenical 
Copper-Phosphorus deoxidised - non arsenical Copper-Phosphorus deoxidised - non arsenical 


Aluminium-brass Aluminium-brass 


Note 1. Where a CU3 type welding consumable has been used for the qualification test, the range of approval may also include welding of 
CUS3. 


Note 2. These grades have limited weldability and approval to weld is subject to the materials satisfying the requirements of Table 9.3.1 
Chemical composition of principal elements only in Chapter 9. 


a Section 5 
Welder qualification tests 


5.1 Scope 


5.1.1 The requirements of this Section relate to qualification of welders involved in welded construction and repair associated 
with ships, or other marine structures, and products or components intended for use on or in these structures. 


Del s2 The requirements relate to fusion welding processes that are designated as manual, semi-automatic or partly 
mechanised. Special consideration will be given to other welding processes adapted from these requirements. 
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5.1.3 The qualification test and approval range of welding operators for fully mechanised and automatic welding processes 
are to be carried out with reference to ISO 14732 or equivalent. 


5.1.4 Prior to commencing production welding, the welder is to have performed a qualification test that satisfies these 
requirements. It is the responsibility of the manufacturer to ensure that the welder possesses the required level of skill for the work 
to be undertaken. 


5.1.5 The qualification of welders is to be documented by the manufacturer and the records are to be available for review by 
the Surveyor. 


5.1.6 Welder qualification tests made in accordance with EN, ISO, JIS, ASME or AWS may be considered for acceptance 
provided that, as a minimum, they are equivalent to, and meet the technical intent of these Rules in terms of qualification 
examination, testing, and range of approval to the satisfaction of the Surveyor. The extension of validity of welder qualifications 
shall be in accordance with the requirements of Ch 12, 5.7 Welders qualification certification. 


5.2 Welder qualification test assemblies 


5.2.1 The welding of the welder qualification test assembly is to simulate, as far as practicable, the conditions to be 
experienced in production and be witnessed by the Surveyor. The test is to be carried out on a test assembly piece and not by 
way of production welding. 


5.2.2 The test is to simulate, as far as practicable, the welding techniques and practices to be encountered during production 
welding. The test assembly is to be designed to test the skill of the welder and have the shape and dimensions appropriate to the 
range of approval required. 


5.2.3 The inspection length of the test weld is to be such as to permit the removal of all the necessary test specimens and for 
plate tests, but in no case is to be less than 250 mm. The test assembly is to be set in one of the positions as shown in Figure 
12.2.4 Plate butt weld test positions to Figure 12.2.7 Pipe fillet weld test positions appropriate to the welding positions to be 
approved. 


5.2.4 A welding procedure specification (WPS) is required for the execution of the qualification test and is to include the 
information specified in Ch 12, 2.2 Welding variables 2.2.1, as a minimum. 


5.2.5 The test assembly is to be marked with a unique identification and the inspection length is to be identified prior 
commencing welding. For pipe welds, the whole circumference is to be considered as the inspection length. 


5.2.6 During welding of the test assembly, the welding time is to be similar to that expected under production conditions. For 
manual or semi-automatic processes, at least one stop and re-start in the root and in the top surface layer is to be included in the 
inspection length and marked for future inspection. 


5.2.7 During welding of the test assembly, minor imperfections may be removed by the welder by any method that is used in 
production, except on the surface layer. 


5.2.8 The Surveyor may stop the test if the welding conditions are not correct or if there is any doubt about the competence 
of the welder to achieve the required standard. 


5.3 Examination and testing 


5.3.1 Each completed test weld is to be examined and tested in accordance with the requirements of Table 12.5.1 Welder 
qualification test requirements. All examinations and tests are to be witnessed by the Surveyor. 


Table 12.5.1 Welder qualification test requirements 


Examination type Butt welds Fillet welds Pipe branch welds Butt tack welds Fillet tack welds 
Visual 100% 100% 100% 100% 100% 
Surface crack 

cies See Note 1 100% 100% Not required Not required 
detection 
Radiograph 100% Not required Not required Not required Not required 
iogr. requir requir 
are See Notes 2 and 6 a 2 : z 
4 required : : F : 
Bend tests Not required Not required Not required Not required 
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1 required 
Fracture tests Not required i Not required 1 required 1 required 
See Note 4 


Macro Not required Bisdultod ete’ Not required Not required 
requir € € 
a See Note 4 See Note 5 Cela SHENG 


Note 1. Surface crack detection examination may be required by the Surveyor in order to clarify the acceptability of any weld feature. 


Note 2. Radiography may be replaced by ultrasonic examination for carbon and low alloy steels where the thickness exceeds 8 mm. 
Note 3. Bend tests are required for gas metal arc welding (GMAW) with solid wire or metal cored wire and oxy-acetylene welding. 
Note 4. The fracture test may be replaced with 4 macro sections equally spaced along the inspection length. 

Note 5. Macro-sections are to be separated by 90° measured around the abutting pipe member. 


Note 6. Radiography and bend tests are required for tests in aluminium alloys. 


5.3.2 Visual examination is to be performed in the as welded state prior to any other assessment. 
5.3.3 For plate butt welds, fracture testing may be used in place of radiography. 


5.3.4 Where a backing strip has been used, it is to be retained for non-destructive examinations, but is to be removed prior to 
performing any bend or fracture tests. 


5.3.5 Where fracture tests are required, they are to sample as much of the inspection length as practicable and the test 
assembly may be cut into several test specimens to achieve this. Testing is to be performed as shown in Figure 12.5.1 Preparation 
and fracture testing of test specimens for a fillet weld in plate or Figure 12.5.2 Preparation and fracture testing of test specimens 
for a butt weld in plate. 


Inspection length 
of the test piece 
25mm 


(b) 
Sectioning into an even-numbered quantity Fracture testing 
of test specimens (The fillet weld may be notched if necessary) 


4607/41 


Figure 12.5.1 Preparation and fracture testing of test specimens for a fillet weld in plate 
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Inspection length 
of the test piece 


95 mm 


Ip 


(a) (b) 


Sectioning into an even-numbered quantity of test specimens Preparation 


! 
A A —— 


(c) (d) 
Fracture testing root bend test Fracture testing face bend test 
4607/40 


Figure 12.5.2 Preparation and fracture testing of test specimens for a butt weld in plate 


5.3.6 For butt weld tests in aluminium alloys both radiography and bend tests are required. 


5.3.7 When bend tests are required, 2 root and 2 face bends are to be tested and where the test thickness exceeds 12 mm, 
these may be substituted by 4 side bends specimens. The diameter of former to be used is to be in accordance with that 
specified for welding procedure qualification testing given in Ch 12, 2.7 Destructive tests for steel butt welds 2. 7.6. (a). 


5.3.8 Where macro examination is required, the specimen is to be polished and etched to reveal the weld runs and heat 
affected zones, and be examined at a magnification between x5 and x10. 

5.4 Acceptance criteria 

5.4.1 The acceptance criteria are to be in accordance with Ch 12, 2.5 Non-destructive examination (NDE) 2.5.5. 


5.4.2 Fracture tests and macro-sections are to be assessed in accordance with the non-destructive examination acceptance 
criteria. 


5.4.3 Bend tests are considered acceptable if after bending through an angle of at least 180°, there are no defects on the 
tension side of the specimen greater than 3 mm in any direction. 
5.5 Failure to meet requirements 


5.5.1 Where a macro-section fails to meet requirements, one additional specimen may be removed from the test assembly 
and examined. 


5.5.2 Where a bend or fracture test specimen fails to meet requirements, two additional specimens may be prepared from the 
same test assembly. If there is insufficient material, the welder may be permitted to weld an additional assembly to the same WPS, 
at the discretion of the Surveyor. 


5.5.3 Where any of the additional test specimens fails to satisfy the requirements, the test will be considered as not meeting 
the requirements. 


5.5.4 Where a test fails to comply with the acceptance criteria, the welder may be permitted to weld a second test piece. If 
this does not meet requirements, the welder is to be considered as not being capable of achieving the requirements. 
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5.6 Range of approval 


5.6.1 Upon successful completion of all the necessary examinations and tests, the welder is to be considered qualified. The 
essential variables and the range of welding conditions for which the welder is considered approved are specified in the following 


paragraphs. 


5.6.2 Welding variables such as preheat, interpass temperature, heat input and current type are not considered welder 
qualification variables. However, if the WPS used for testing specify these, they are to be included in the test and the welder is 
expected to follow the specific instructions. 


5.6.3 


Where the WPS used for the welder qualification test specifies post-weld heat treatment, this need not be applied to the 


test weld unless bend tests are required and the material exhibits low ductility in the as welded condition. 


5.6.4 


and quality system as that used for the test. 


5.6.5 


The qualification test performed by a manufacturer is only applicable to workshops under the same technical control 


The welding process used in the qualification test is the process approved. However, it is possible for the welder to use 


more than one process in the test and the range of approval that may be applied to each will be within the limits of the essential 
variables appropriate to the part of the test where each welding process was used. 


5.6.6 


cored wire requires a new qualification test. 


A change from welding with solid wire to metal cored wire or vice versa is allowed. A change from or to welding with flux 


5.6.7 For gas tungsten arc welding in which the wire is added manually, welding with a filler wire qualifies welding without filler 


wire but not vice versa. 


5.6.8 


Material types are to be grouped as shown in Table 12.5.2 Welder qualification materials groupings for welder 


qualifications. A qualification test performed on one material from a group will permit welding of all other materials within the same 
group. In addition, qualification on one group of materials may confer approval to weld other groups as shown in Table 12.5.3 
Welder qualification, range of approval for material groups. 


Table 12.5.2 Welder qualification materials groupings 


Material group 


Material description 


Typical LR Grades 


Rules for Material references 


WQ 01 


Low carbon unalloyed, 


C/Mn, or 


Low alloyed steels (Re < 390 
N/mm?), 


lor steel strength grade H 47. 


A, B, D and E 


AH27S to FH40, EH386-BCA1, EH40- 
BCA1, EH40-BCA2, EH47, EH47- 
BCA1, EH47-BCA2 


Boiler 510FG and lower 


LT-AH27S to LTI-FH40 


U1 and U2 


Steel castings 


Steel pipes 


Ch 3, 2 Normal strength steels for ship and 
other structural applications 


Ch 3, 3 Higher strength steels for ship and 
other structural applications 


Ch 3, 4 Steels for boilers and pressure 
vessels 


Ch 3, 6 Carbon-manganese and nickel alloy 
steels for low temperature service 


Ch 3, 9 Bars for welded chain cables and 
Ch 10 Equipment for Mooring and 
Anchoring 


Ch 4, 2 Castings for ship and other 
structural applications , Ch 4, 3 Castings for 
machinery construction, Ch 4, 6 Castings 
for boilers, pressure vessels and piping 
systems and Ch 4, 7 Ferritic steel castings 
for low temperature service 


Ch 6, 2 Seamless pressure pipes, Ch 6, 3 
Welded pressure pipes, Ch 6, 4 Ferritic steel 
pressure pipes for low temperature service 
andCh 6, 6 Boiler and superheater tubes 
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Cr-Mo, or 


Cr-Mo-V creep resisting steels 


13CrMo45 and 11CrMo910 


1Crv2Mo and 2%Cr1iMo 


VeCrvazMovav 


Ch 3, 4 Steels for boilers and pressure 
vessels 


Ch 4, 6 Castings for boilers, pressure 
vessels and piping systems and Ch 6, 2 
Seamless pressure pipes, Ch 6, 3 Welded 
pressure pipes and Ch 6, 6 Boiler and 
superheater tubes 


Ch 4, 6 Castings for boilers, pressure 
vessels and piping systems and Ch 6, 2 
Seamless pressure pipes 


st 


High strength steels (Re > 390 
N/mm), or 


Ferritic low temperature nickel 


eels 


AH42 to FH69 


1%, 2%, 3%2 Ni steels and castings 


U3, R3, R8S and R4 


Ch 3, 10 High strength steels for welded 
structures 


Ch 3, 6 Carbon-manganese and nickel alloy 
steels for low temperature service, Ch 4, 7 
Ferritic steel castings for low temperature 
service and Ch 6, 4 Ferritic steel pressure 
pipes for low temperature service 


Ch 3, 9 Bars for welded chain cables and 
Ch 10 Equipment for Mooring and 
Anchoring 


st 


Ferritic, or martensitic stainless 


eels (12 to 20% Cr) 


13% Cr (martensitic) 


Ch 4, 5 Castings for propellers (martensitic) 


Ferritic low temperature steels 


SNi and QNi 


Ch 3, 6 Carbon-manganese and nickel alloy 
steels for low temperature service 


N 


A 


Ferritic-austenitic stainless 
steels, 


Austenitic stainless steels, or Cr- 


i steels 


uminium alloy — Non-heat 


treatable Mg < 3,5% 


304, 316, 317, 321 and 347 


$31260, S31803, S32550 and 
$32750 


Ch 3, 7 Austenitic and duplex stainless 
steels and Ch 8 Aluminium Alloys 


Ch 4, 8 Stainless steel castings and Ch 6, 5 
Stainless steel pressure pipes 


Ch 8 Aluminium Alloys 


A 


uminium alloy — Non-heat 


treatable 3,5% < Mg < 5,6% 


5083 and 5086 


Ch 8 Aluminium Alloys 


A 


uminium alloy — Heat treatable 


6005-A, 6061 and 6082 


Ch 8 Aluminium Alloys 


C 


Manganese bronze 


opper alloys for propellers — 


Cut 


Ch 9, 1 Castings for propellers 


Cc 
N 


opper alloys for propellers — 
ickel — manganese bronze 


Ch 9, 1 Castings for propellers 


Cc 
N 


opper alloys for propellers — 
ickel — aluminium bronze 


Ch 9, 1 Castings for propellers 


C 


opper alloys for propellers — 


Manganese-aluminium bronze 


Ch 9, 1 Castings for propellers 


Cc 
Cc 


opper alloys for tubes — 
opper phosphorus 


Deoxidised — non-arsenical and 
arsenical 


Ch 9, 3 Tubes 


406 
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Copper alloys for tubes — Aluminium brass Ch 9, 3 Tubes 


Aluminium brass 


Copper alloys for tubes — 70/30 Cu/Ni and 90/10 Cu/Ni Ch 9, 3 Tubes 
Copper — nickel- iron 


Table 12.5.3 Welder qualification, range of approval for material groups 


Material Group used for Material groups approved to weld 
testing 


WQ 01 


WQ 02 


WQ 03 


WQ 04 


WQ 05 


WQ 11 WQ 05, see Note WQ 04, see Note 


WQ 22a WQ 22a 


WQ 22b WQ 22a 


WQ 23 WQ 22a 


WQ 30 WQ 30 


WQ 31 WQ 30 


WQ 382 WQ 30 


WQ 33 WQ 30 


WQ 34 WQ 34 


WQ 35 WQ 34 


WQ 36 WQ 36 


Note Provided an austenitic welding consumable compatible with material group WQ 11 is used. 


5.6.9 A qualification test performed on one thickness will confer approval to weld other thicknesses as specified in Table 
12.5.4 Welder qualification, range of approval for material thickness. Where welding is required between materials of different 
thickness, the reference thickness for approval purposes is to be the lesser thickness. 


Table 12.5.4 Welder qualification, range of approval for material thickness 


Material type Test piece thickness Range approved, see Note 
(mm) (mm) 


Steel and copper alloys t to 2t 
3,0 to 2t 


= 3,0 


Aluminium alloys < 0,5 t to 2t 


>6 


Note For oxy-acetylene welding the maximum thickness is limited to 1,5 t. 
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5.6.10 A qualification test performed on plate confers approval to weld on pipes having an outside diameter greater than 500 
mm in a fixed position (see Table 12.5.5 Welder qualification, diameter range of approval for pipes and hollow sections and Table 
12.5.7 Welding position ranges for welder qualification). 


Table 12.5.5 Welder qualification, diameter range of approval for pipes and hollow sections 


Material type Test piece diameter Range approved 
(mm) (mm) 


Steel and copper alloys D<25 Dto 2D 


25 <D<150 0,5D to 2D, see Note 1 
D> 150 >0,5D 


Plate, see Note 2 > 500 


Aluminium alloys D<125 0,25D to 2D 
D> 125 >0,5D 


Plate, see Note 2 > 500 


Note 1. Subject to 25 mm minimum diameter. 


Note 2. Plate qualification will approve welding on pipes greater than 150 mm 
diameter when the pipe is rotated. 


5.6.11 A qualification test performed using a specific diameter of pipe will give approval to weld other diameters as shown in 
Table 12.5.5 Welder qualification, diameter range of approval for pipes and hollow sections. For branch welds, the diameter upon 
which approval is based is to be the branch member. 


5.6.12 A qualification test performed on a butt weld may be considered as giving approval for fillet welds. Where a welder is 
employed to perform fillet welding only, a fillet welding qualification test is required. For welding T joints with full or partial 
penetration a butt welding qualification is required. 


5.6.13 A qualification test performed on one type of weld joint will give approval to weld other types of weld joint as shown in 
Table 12.5.6 Range of welded joints for welder qualification. 


Table 12.5.6 Range of welded joints for welder qualification 


Type of welded joint for test assembly Range of approval 


Butt welding One side With backing A,C,E 


Without backing 


Both sides With gouging 


Without gouging 


Fillet weld Multi-run 


Single-run 


Table 12.5.7 Welding position ranges for welder qualification 


Test weld conditions Positions qualified 


Type of weld Test position Pipe, see Note 1 


Butt weld Fillet weld Butt weld Fillet weld 
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Plate butt, see Note 5 


D, X, Vu, O D, X, Vu, O 


Plate Fillet, see Note D 
5 


D, X, Vu, O D, X, Vu, O 


Pipe butt D,X D,X 


Xx DX D,X 


D+Vu+O, D, X, Vu, O D, X, Vu, O 
see Note 3 


D+Vd+O, Vd Vd 
see Notes 2 and 3 


Axis at 45°, D, X, Vu, O D, X, Vu, O 
see Note 4, Travel Vu 


Axis at 45°, Vd 
see Notes 2, 3 and 4, Travel Vd 


Pipe fillet D D 


Xx D, X 


D+Vu+O D, X, Vu, O 
see Note 3 


D+Vu+O 
see Note 3 


Note 1. Pipe D position means pipe in horizontal position and rotated, see Figure 12.2.5 Pipe butt weld test positions and Figure 12.2.7 Pipe 
fillet weld test positions. 


Note 2. Vd position not usually recommended for pipe welds less than 500 mm diameter. 
Note 3. Pipe fixed with axis in the horizontal position (e.g. ASME 5G). 


Note 4. Pipe fixed with axis at 45° to the horizontal (e.g. ASME 6G). 


Note 5. Plate qualification tests confers approval to weld pipes with diameter greater than 500 mm. 


5.6.14 — A qualification test performed in one position will give approval to weld in other positions as shown in Table 12.5.7 
Welding position ranges for welder qualification. 


5.6.15 | For manual metal arc welding with covered electrodes, a qualification test performed using an electrode with one type of 
coating will only be approved for welding with that type of coating. However, a qualification test performed using a basic low 
hydrogen type coating will confer approval to use electrodes with rutile coatings. 


5.6.16 For gas shielded welding processes that use a single component shielding gas, no change to the gas composition is 
permitted from that tested. Where the test has used a two component shielding gas, a change in the ratio of component gases is 
permitted, provided that one of the components is not reduced to zero. Where the test has used a three component shielding gas, 
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changes are permitted in the ratio of component gases and the gas with the smallest ratio may be reduced to zero, provided this 
does not change the shielding gas from an active one to an inert one or vice versa. In addition, where a change in shielding gas 
composition requires a different welding method or technique to be employed, a new qualification test will be required. 


5.6.17 Achange of welding flux from that used for the test is permitted. 
5.6.18 A qualification for butt or fillet welding qualifies welding of tacks. 


5.6.19 | Where a welder is employed in the welding of tack welds only and which are not incorporated into the final weld, a test 
assembly in accordance with Figure 12.5.3 Dimensions and types of test assembly for butt tack welding or Figure 12.5.4 
Dimensions and types of test assembly for fillet tack welding may be prepared as an alternative to full butt or fillet weld 
qualification. 


Figure 12.5.3 Dimensions and types of test assembly for butt tack welding 
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Figure 12.5.4 Dimensions and types of test assembly for fillet tack welding 


5.7 Welders qualification certification 


5.7.1 All the relevant conditions used during the test are to be entered on the welder’s qualification certificate along with the 
permitted range of approval. 


5.7.2 If the Surveyor is satisfied that the welder has demonstrated the appropriate level of skill and all tests are satisfactory, 
the Surveyor will endorse the certificate verifying that the details contained on it are correct and that the test welds were prepared, 
welded and tested in accordance with the specified Rules, Codes or Standards. 


5.7.3 The welder is considered to be approved for an initial validity period of 2 or 3 years depending upon the chosen method 
of validation which is to be stated on the welder’s certificate at time of issue. The welder is considered to have retained the 
qualification during this period subject to the manufacturer confirming every 6 months that the welder has met the following 
conditions: 


(a) The welder has been engaged with a reasonable continuity on welding work within the current range of approval. An 
interruption for a period of no longer than six months is permitted. 

(b) The welder’s work shall generally be in accordance with the technical conditions under which approval test is carried out. 

(c) There shall be no specific reason to question the welder’s skill and knowledge. 


5.7.4 The Surveyor shall extend the validity of the approval by one of the following methods: 


(a) Re-test the welder every 3 years. 

(b) Every 2 years, two welds made within the previous six months are to be subject to radiographic inspection or ultrasonic 
inspection or destructively tested and the result recorded. Welding shall reproduce all initial test Conditions except for 
thickness. Subject to satisfactory examination or testing the qualification is revalidated for a further 2 years. The Surveyor will 
signify acceptance of the extension to the validity by endorsing the certificate. 

(c) At intervals not exceeding 3 years , the quality aspects detailed in Ch 12, 5.7 Welders qualification certification 5.7.5 are to be 
demonstrated by the manufacturer to the satisfaction of Surveyor. The Surveyor will signify acceptance of the extension of the 
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validity by endorsing the certificate. This method is not permitted for welder qualifications related to welding of pipes and 
pressure vessels. 


oP Geo) Quality aspects: 


(a) The welder was qualified by the same manufacturer and is working under their direct control. 

(b) The manufacturer is working in accordance with a quality management system specified in Ch 12, 5.7 Welders qualification 
certification 5.7.6. 

(c) The manufacturer has documented at least once a year that the welder has produced acceptable weld(s) meeting rule 
requirements in the welding positions, weld types, welding processes and the backing conditions covered by the welder 
certificate. Evidence should include NDE or destructive test results of welding. 


5.7.6 For the extension of welder’s qualification validity permitted by the method detailed in Ch 12, 5.7 Welders qualification 
certification 5.7.4.(c), the manufacturer should have certification to a recognised quality management system under LR, or under 
an independent body acceptable to LR, and include the following minimum requirements: 


a) Adesignated person is responsible for the coordination of the welder quality management system. 
b) A\list of all welders, including their qualification status, and welding supervisors in the shipyard/manufacturer is maintained. 
) Awelder qualification certificate is issued to each qualified welder. 
d) Training requirements are specified for the welder qualification programme. 

. An identification and traceability system is in place for welders and WPS used on production welds. 
(f) A procedure is in place to monitor performance of each welder based on the results of weld examination records and the 
weld repair rates. The procedure should also specify the criteria for the retesting of each welder based on the performance 
results. 


5.7.7 Where there is any reason to question the welder’s ability, or there is a lack of continuity in the use of the welding 
process, or insufficient recorded evidence of acceptable weld performance, the welder is to perform a new qualification test. 


5.7.8 Where the manufacturer has existing welders that have previously performed qualification tests, these may be 
considered for acceptance provided they satisfy the above requirements and the tests have been performed in the presence of an 
independent examiner that is acceptable to the Society. 


5.7.9 Not withstanding the above, the Surveyor may at any time request a review of a welder’s qualification records. If there is 
any reason for doubt concerning the skill of the welder, the Surveyor may withdraw the qualification and require a re-qualification 
test to be performed. 


a Section 6 
Qualification of friction stir welding of aluminium alloys 


6.1 Scope 

6.1.1 The requirements of this Section relate to the Friction Stir Welding (FSW) of aluminium alloys. These requirements 
include requirements for verification of welding equipment, welding procedures, qualification of welding procedures and 
qualification of welding operators. 

6.2 Welding equipment 


6.2.1 Welding equipment (e.g. welding machines and FSW tools) is to be capable of producing welds that meet the specified 
acceptance levels. 


6.2.2 Welding equipment is to be maintained in a good condition and is to be repaired or adjusted when necessary. 


6.2.3 After installation of new or refurbished equipment, appropriate tests are to be performed to verify that the equipment 
functions correctly. 


6.3 Weld procedures 
6.3.1 This Section defines the requirements for welding procedures to be applied for FSW of aluminium alloys. 


6.3.2 Manufacturers are to prepare a preliminary welding procedure specification (pWPS) defining procedures for how FSW is 
to be conducted. 
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6.3.3 A pWPS is to comply with the requirements of ISO 25239-4. 


6.3.4 Qualification of a pWPS is achieved by conducting weld procedure qualification tests in accordance with ISO 25239-4. 
Minimum acceptance criteria for destructive tests are to be in accordance with these Rules. Reporting of the qualification tests are 
to be in accordance with ISO 25239-4. 


6.3.5 Provided that the procedure qualification record lists all the relevant variables and there are no inconsistent features and 
the results satisfy the requirements, the procedure qualification record may be endorsed by the Surveyor as satisfying the 
requirement of the Rules. 


6.3.6 A welding procedure specification (WPS) is to be prepared after the procedure qualification test report has been 
endorsed by the Surveyor. 


6.3.7 For welding procedure specifications, the range of approval is to be limited as follows: 
(a) Manufacturer. A welding procedure qualified by a manufacturer is valid for welding in workshops under the same technical 


and quality management. 


(bo) Range of material type. Approval is restricted to the specific aluminium grade and supply condition used in the qualification 
test. 


(c) Thickness. Approval is restricted to the thickness of the test piece in the qualification test. 

(d) Joint types. The joint types approved are to be those from the welding procedure qualification test only. 

(e) Welding tool. Approval is restricted to the specific design of welding tool employed during the qualification test. 
(f) | Other. A range of approval for any other variables will be subject to special consideration. 


6.4 Qualification of welding operators 
6.4.1 Welding operators are to be qualified in accordance with ISO 25239-3. 


6.4.2 Weldeing operators are to be suitably trained and will be required to demonstrate a knowledge of FSW and have a 
working knowledge of the welding installation. Knowledge of the FSW process may be demonstrated by exams passed during the 
training period. Demonstration of a working knowledge of the welding installation will be subject to the Surveyor’s satisfaction. 


6.4.3 Qualification of welding operators is to be by welding tests as specified in ISO 25239-3 or by conducting weld 
procedure qualification tests. 


6.4.4 Upon successful completion of all necessary examination and tests, the welding operator is to be considered qualified. 
The range of qualification is to be as specified in ISO 25239-3. 


6.4.5 A certificate of qualification is to be issued in accordance with ISO 25239-3. 


a Section 7 
Welding qualification requirements for high strength steel for special marine 


applications 
7.1 Goal-based framework 
7.AA The purpose of this Section is to present a goal-based approach to the requirements for high strength steels for special 


marine applications, not covered elsewhere in the Rules for the Manufacture, Testing and Certification of Materials, July 2022. 
Whilst the primary intent of the application of the welding qualifications listed herein is for pressure vessels/submersible craft 
intended for human occupancy, use and application of these qualifications for other constructions may be specially considered 
within the scope of the goal-based framework. 


7.1.2 The goals, functional requirements and performance requirements listed herein relate to welding qualifications required 
to be performed for construction. 


7.1.3 In addition to this goal-based framework, the relevant requirements of the Rules for the Manufacture, Testing and 
Certification of Materials, July 2022 are to be complied with for certification. In order to satisfy the goal-based framework in this 
Chapter, it is necessary to comply with the other applicable Rules related to materials, manufacture, testing, survey and 
Classification. 


7.1.4 The list of goals is as follows: 
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(a) Welding qualifications shall demonstrate that the resulting weld joints have the integrity to minimise the risk of loss of the 
structure due to failure. 

(b) Welding qualifications shall demonstrate that the resulting welds minimise the hazard to persons, assets or environment in 
any foreseeable operating conditions. 


7.1.5 The list of functional requirements (FR) is as follows: 


(a) Welding procedure qualification tests shall demonstrate acceptable chemical and mechanical properties for the application 
and withstand the applied design loads. 

(b) Welds produced in accordance with a qualified weld procedure and by qualified welders shall be able to function in a safe 
and acceptable manner, for compliance with the manufacturing and design criteria. 


7.1.6 The list of performance requirements (PR) is as follows: 


(a) For welding procedure qualification tests, the mechanical properties for category A and B welds shall comply with the 
requirements stated in Table 12.7.1 Mechanical property acceptance requirements for butt welding in plate (in welds that 
form part of the pressure hull boundary, and tensile loading under normal submarine operation) for applicable Material Class 
Special Application 1 and 2. 

(b) When required by a specific project or specified testing regime, the surface crack extension from flawed bulge explosion 
(FBE) tests is to be not greater than 50 mm. Where indications of laminar flaws are detected within 10 mm of the tension 
surface, and they extend to within 50 mm of the fatigue cracked notch, then there is the potential for them to have influenced 
the shock loading of the bulge panel flaw. In such cases the FBE test is not considered valid. 

(c) When required by a specific project or specified testing regime, four of the five crack tip opening displacement (CTOD) test 
results must be greater than 0,1 mm. One value may be less than 0,1 mm provided it is greater than 0,07 mm. 

(d) For welding procedure qualification tests, the mechanical properties for category C and D welds shall comply with the 
requirements stated in Ch 12, 2 Welding procedure qualification tests for steels except that Charpy impact test minimum 
energy requirements are to meet the requirements of Table 12.7.1 Mechanical property acceptance requirements for butt 
welding in plate (in welds that form part of the pressure hull boundary, and tensile loading under normal submarine operation) 
for applicable Material Class Special Application 1 and 2. 

(e) For welder qualification tests, the results from visual inspection and non-destructive examination (NDE) are to be in 
accordance with Ch 12, 2.5 Non-destructive examination (NDE) 2.5.5. 

(f) | Welders shall demonstrate that they can consistently meet the above requirement. 


Table 12.7.1 Mechanical property acceptance requirements for butt welding in plate (in welds that form part of the pressure 
hull boundary, and tensile loading under normal submarine operation) for applicable Material Class Special Application 1 
and 2 


Tensile test Charpy V-notch impact tests 


Average Charpy 
Average absorbed ’ ive 
impact crystallinity 
Elongation (%) lenergy (J) (%) 
- Test temperature (°C) areata 
\See Note 1 alpen (maximum) 


ISee Note 2 see Note 3 


Material Class ield strength (N/ 
(Special Application) |mm?) 


High Strength Steel — 


55 
Special Application 1 


High Strength Steel — 
Special Application 2 
(undermatched weld) 
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High Strength Steel — 
Special Application 2 | >690 
(Matched weld) 


Note 1. The individual reduction of area and tensile strength values together with weld metal chemical analysis are recorded for 


information only. 
Note 2. No individual value may be less than 40 J. 


Note 3. No individual value may be greater than 70 per cent. 


7.2 LR accepted solutions for welding qualifications for high strength steel for special marine applications 


7.2.1 The requirements of this Section relate to the welding qualifications of high strength steels intended for use in special 
marine applications, which are not covered elsewhere in this Chapter. 


7.2.2 An accepted solution for satisfactorily meeting the goal-based framework is specified in sub-Sections Ch 12, 7.2 LR 
accepted solutions for welding qualifications for high strength steel for special marine applications to Ch 12, 7.6 Welder 
qualification of this Section. 


7.2.3 The application, in entirety, of the prescriptive content in this Section (including any references leading out) is considered 
to meet the listed goals. 


7.2.4 Alternative proposals for meeting the goal-based framework in Ch 12, 7.1 Goal-based framework will be specially 
considered. 


7.2.5 The requirements presented herein represent an accepted solution for welding qualifications, certified for use High 
Strength Steel — Special Application 1 and 2, and the appropriate consumable grade for the relevant material class. 
7.3 General requirements 


7.3.1 In addition to the requirements of this sub-Section, fulfilment of an accepted solution also requires compliance with the 
relevant Sections of the Rules for the Manufacture, Testing and Certification of Materials, July 2022, specifically: 

° Ch 1 General Requirements, 

e ~~ Ch 2 Testing Procedures for Metallic Materials, 

° Ch 12, 1 General qualification requirements, 

e §=©Ch 12, 2 Welding procedure qualification tests for steels and 

e = Ch 12, 5 Welder qualification tests, 

regarding approval and manufacture, testing, inspection and general requirements for welding qualifications. 


7.3.2 Unless stated below, qualification of welding procedures is to be in accordance with Ch 12, 2 Welding procedure 
qualification tests for steels and the qualification of welders is to be in accordance with Ch 12, 5 Welder qualification tests. 


7.3.3 Welding procedures for High Strength Steel — Special Application 2 may be approved with a weld metal strength lower 
than the minimum specified for the base material, i.e. undermatched welding. Where welding procedures are approved for 
undermatched welding, the requirements specified in Ch 13, 10.3 General requirements 10.3.5 are to be followed. 


7.4 Welding procedure qualification tests 


7.44 Welding procedure qualification tests are to be performed to qualify welding for specific categories, as defined by Table 
12.7.2 Weld categories of high strength steel for special marine applications. 


Table 12.7.2 Weld categories of high strength steel for special marine applications 


Category Description 


i Weld forms part of the pressure hull boundary and must withstand 


explosive loading. 


Weld must withstand tensile loads under normal submarine 
operation. 
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Welds in frames and frame to pressure hull welds. These welds 
may experience shock loads but do not form part of the pressure 
hull boundary (i.e. their failure would not compromise watertight 
integrity). 


Welds in secondary structure where none of the above categories 
apply. 


7.4.2 For each weld category the following welding procedure qualification tests are to be completed: 


Category A: Test assemblies in accordance with Ch 712, 7.4 Welding procedure qualification tests 7.4.4. In accordance with 
specific project requirements an additional test assembly is to be prepared for FBE testing. 


Category B: Test assemblies in accordance with Ch 12, 7.4 Welding procedure qualification tests 7.4.5. In accordance with 
specific project requirements an additional test assembly is to be prepared for Crack Tip Opening Displacement (CTOD) testing. 


Category C and D: Two test assemblies from the lowest and highest heat input positions in accordance with Ch 12, 2 Welding 
procedure qualification tests for steels except that Charpy impact test minimum energy requirements are to meet the requirements 
of Table 12.7.1 Mechanical property acceptance requirements for butt welding in plate (in welds that form part of the pressure hull 
boundary, and tensile loading under normal submarine operation) for applicable Material Class Special Application 1 and 2 


7.4.3 High Strength Steel — Special Application 2 butt weld applications are to be qualified via Category A and B routes. Fillet 
weld applications may be qualified via Category C and D routes. 


7.4.4 A test assembly in accordance with Figure 12.7.1 Butt welds in plate (category A and B) is to be prepared and 
sectioned for mechanical testing. The assembly is to simulate production conditions including minimal restraint and in the worst 
position. Panels welded in the vertical up position will automatically qualify the procedure for all positions. 
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Test requirements 
A. Charpy, V-notch impact tests. 
B. All weld metal tensile test (both sides) 


Note 1. For thickness qualification range 20-100 mm, test piece thickness is to be 50 mm. 
Otherwise for thicknesses below 20 mm the test plate thickness is to be 20 mm. (If outside these 
thickness ranges, refer to the specific project requirements). 


Note 2. The panel length is long enough to leave some archive material for retests. A shorter panel may 
be used if required. 


Note 3. Side 1 is the first side of the test assembly to be welded and side 2 the second side. 


Figure 12.7.1 Butt welds in plate (category A and B) 


7.4.5 Two sets of Charpy V-notch impact tests are required, notched in the weld centre. One set is to be taken from 2 mm 
below the surface of side 1 and one set from 2 mm below the surface of side 2. 


7.4.6 The Charpy V-notch impact fracture appearance is to be determined in accordance with ISO 148-1: Metallic materials — 
Charpy pendulum impact test - Part 1: Test method or another recognised National Standard. 


7.4.7 All weld tensile samples are to be taken from both sides of the weld. The test specimens are to be of a circular cross- 
section, seeCh 11, 2.1 Dimensions of test specimens 2.1.1. Where necessary, reduced size test samples in accordance with ISO 
6892-1: Metallic materials — Tensile testing — Part 1: Method of test room at temperature or other recognised National Standard 
are permitted to ensure samples are extracted wholly within the weld metal. 
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7.4.8 When the procedure is for thin plates, below 20 mm, the Charpy V-notch impact and tensile requirement is to be taken 
from the mid-section of the weld. 


7.49 The results of tensile and impact tests for test assembly A are to comply with the performance requirements of Table 
12.7.1 Mechanical property acceptance requirements for butt welding in plate (in welds that form part of the pressure hull 
boundary, and tensile loading under normal submarine operation) for applicable Material Class Special Application 1 and 2. 


7.4.10 | When the project requires specifies explosion and/or fracture toughness properties, further test assemblies as per Figure 
12.7.1 Butt welds in plate (category A and B) are to be welded to facilitate FBE and crack tip opening displacement tests. 


7411 FBE tests are to meet the following requirements: 


(a) Test specimens are to be notched in the side of the weld exhibiting the highest average crystallinity (i.e. Charpy V-notch 
impact specimens must be tested and analysed before the FBE can be notched). 

(bo) Tests are to be carried out at —5°C. 

(c) The resulting depth of bulge for the test to be valid must be at least 12,5 mm. 


7.4.12 | Number of specimens and method of testing for FBE is to be agreed with the project authority. 
7.4.13  FBE tests results are to comply with Ch 17, 10.1 Goal-based framework 10. 1.6.(b) 


7.4.14 Two sets of five crack tip opening displacement test specimens are required. One set is to be notched in the first side of 
the weld and one set notch in the second side of the weld. Both sets of soecimens are to be notched in the weld centre. For 20 
mm thick test plate the dimensions are to be W = 40 mm, B = 20 mm and the notch is to be through the weld thickness and 20 
mm deep. For the 50 mm test plate they are to be no less than 45 mm square with a crack depth to width ratio (a/W) of 0,3. Tests 
are to comply with Ch 2, 6 Crack tip opening displacement tests and tested at —5°C. 


7.4.15 Crack tip opening displacement test results are to comply with Ch 17, 10.1 Goal-based framework 10. 1.6.(c) 
7.4.16 For category A and B welds, any change in the following will require a new test piece and requalification: 


(a) Process: Any change in the process from that used to weld the test plate. 
b) Edge preparation: 


= 


e — Any change from two-sided welding to full penetration butt welds made from one side only. 

e — Any change in the location of the root greater than 2 mm which would bring it to within 15 mm of either plate surface. 

e Any change which results in a single plane fusion line through the thickness when this was not previously (for category 1 
only). 

(c) Consumable: 


e — Any change in the wire or electrode used for the root weld of full penetration butt welds made from one side or if the root is 
located within 15 mm of the plate surface and the root is not removed by back gouging or grinding. 

e — Any increase in wire or electrode diameter. 

(d) Parent material: 


e — Any change in parent material, except for the following permissible conditions: 


e It is permissible to use a welding procedure approved for welding High Strength Steel — Special Application 1 to 
weld High Strength Steel — Special Application 2, where High Strength Steel — Special Application 2 is to be 
welded with undermatching weld metal. 

e It is permissible to use a welding procedure approved for welding High Strength Steel —- Special Application 2 using 
undermatching weld metal to weld High Strength Steel — Special Application 1. 

e — Any change from either matched to undermatched, or undermatched to matched welding, for High Strength Steel, Special 
Application 2. 

e — Any change in plate thickness above or below 20 mm 

(e) Heat Input: 


e — Any change in heat input beyond the limits used to weld test assemblies. 

e — Any increase in the number of welding heads feeding the weld pool. 

(f) |Current: Any change of current or change of polarity. 

g) Interpass temperature:Any increase in the permitted interpass temperature. 
h) Equipment: 


e — Any change in the power source characteristics, i.e. change from constant voltage to constant current or vice versa. 
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e — Any change in pulse generation for when pulse current is used. 
e — Any change to use multiple head welding devices. 


7.5 Welding procedure specification (WPS) 


7.5.1 A WPS for High Strength Steel —- Special Application 2 which is approved for undermatched welding, shall specify the 
maximum root gap for which the WPS is applicable. This gap should be set prior to completion of the qualification test and in 
consultation with the project authority. The requirements specified in Ch 13, 10.3 General requirements 10.3.5 are to be followed, 
in addition if actual production welding root gaps are greater than as specified in the WPS, the project authority should be 
consulted. 


7.6 Welder qualification 


7.6.1 The test plate thickness is to be no less than 20 mm with the exception that fillet weld test piece is to have a standing 
test piece of 16 mm, a passing member of equal or greater thickness and a leg length of 11 mm. Mild steel plates may be used in 
place of high strength steel plates. 


7.6.2 Each completed test weld is to be examined and tested in accordance with the requirements of Table 12.7.3 Welder 
qualification test requirements for high strength steel for special marine applications. 


Table 12.7.3 Welder qualification test requirements for high strength steel for special marine applications 


Examination type Butt welds T-butt welds Fillet welds 


Visual 100% 100% 100% 


Magnetic particle testing 100% 100% 100% 


Radiography 100% Not required Not required 


Ultrasonic examination 100% 100% Not required 


7.6.3 The results of visual and NDE are to comply with Ch 12, 7.1 Goal-based framework 7.1.6.(e) 


7.6.4 To retain a qualification, the welder shall have one weld examined using both radiography and ultrasonic examination, 
every six months. 
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Section 

1 General welding requirements 

2 Specific requirements for ship hull structure and machinery 

3 Specific requirements for fabricated steel sections 

4 Specific requirements for fusion welded pressure vessels 

5 Specific requirements for pressure piping 

6 Repair of existing ships by welding 

7 Austenitic and duplex stainless steel - Specific requirements 

8 Specific requirements for welded aluminium 

9 Friction stir welding requirements for aluminium alloys 


10 Requirements for welded construction for high strength steel for special marine applications 


a Section 1 
General welding requirements 


1.1 Scope 


dedi This Chapter specifies requirements for fabrication and welding during construction and repair of ships or other marine 
structures, and their associated pressure vessels, machinery, equipment, components and products intended for use in these 
structures. 


1.1.2 The requirements for fabrication and welding during construction and repair of tanks intended for transport or storage of 
liquefied gases are located in the Rules and Regulations for the Construction and Classification of Ships for the Carriage of 
Liquefied Gases in Bulk, July 2022 or the Rules and Regulations for the Classification of Offshore Units, as appropriate. 


1.1.3 The requirements relate to fusion welding. Special consideration will be given to the use of other welding processes 
based on these requirements. 


1.1.4 It is the responsibility of the manufacturer to ensure compliance with all aspects of these Rules and inform the Surveyor 
of any deviations that have occurred. All deviations are to be recorded as non-compliances along with the corrective actions taken 
and failure to do this is considered to render the fabrication to be in non-compliance with the Rules. 


Tl. Welded constructions that comply with National or International specifications may be accepted to the satisfaction of 
the surveyor, provided that these specifications give reasonable equivalence to the requirements of this Chapter. 


1.1.6 All welded construction is to be to the satisfaction of the Surveyor. 


1.2 Design 


1.2.4 Prior to commencing any work, the component to be manufactured is to be subjected to design review and approval in 
accordance with the Rule requirements. 


1.2.2 The material characteristics that are affected by welding, particularly the loss of strength (e.g. in precipitation or strain 
hardened aluminium alloys) are to be considered in the design. The weld joints in such materials are to be arranged such that they 
are in areas of lower stress. 

1.3 Materials 


1.3.1 Materials used in welded construction are to be manufactured at works approved by LR. The use of materials from 
alternative sources will be subject to agreement of the Surveyor and satisfactory verification testing. 


1.3.2 Materials are to be supplied and certified in accordance with the requirements of Ch 7 General Requirements to Ch 10 
Equipment for Mooring and Anchoring of these Rules. 
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1.3.3 Materials used in welded construction are to be readily weldable and are to have proven weldability, unless requirements 
are agreed with LR in advance. 


1.3.4 Where the construction details are such that materials are subject to through thickness strains, consideration is to be 
given to using material with specified through thickness properties as specified in Ch 3, 8 Plates with specified through thickness 
properties. 

1.3.5 When ordering materials for construction, consideration is to be taken of the possible degradation of properties during 


fabrication or post-weld heat treatment. Where these materials are used, consideration is to be given to additional test 
requirements being specified to the supplier. 


1.3.6 The identity of materials is to be established by way of markings etc, during fabrication, so that traceability to the original 
manufacturer’s certificate is maintained. 

1.3.7 Pre-fabrication shop primers may be applied prior to welding, provided that they are of an approved type and have been 
tested to demonstrate that they have no deleterious effects on the completed weld. 

1.3.8 Where it is proposed to weld forgings and/or castings, full details of the joint details, welding procedures and post-weld 
heat treatments are to be submitted for consideration. 

1.4 Requirements for manufacture and workmanship 

1.4.1 The welding workshops are to be assessed by the Surveyor for their capability to produce work of the required quality in 
accordance with the requirements specified for the type of construction, see Ch 13, 2 Specific requirements for ship hull structure 
and machinery to Ch 13, 5 Specific requirements for pressure piping 

1.4.2 Where structural components are to be assembled and welded in works sub-contracted by the builder, the Surveyor is 
to inspect the sub-contractor’s works to ensure that compliance with the requirements of this Chapter is achieved. 

1.4.3 The manufacturer is to provide a system of regular supervision of all welding, by suitably qualified and experienced 
personnel. 

1.4.4 Welding is to be performed in covered workshops as far as practicable. Where this is not possible, provision is to be 
made in the welding area to give adequate protection from wind, rain and cold, etc. 


1.4.5 Where required, arrangements are to be such as to permit adequate ventilation and access for preheating, and for the 
satisfactory completion of all welding operations. 


1.4.6 The location of welding connections and sequences of welding are to be arranged to minimise distortion and the build 
up of residual stresses. Welded joints are to be so arranged as to facilitate the use of downhand welding wherever possible. 


1.4.7 In the case of repairs to existing structures or components, care is to be exercised when attaching fit-up aids by welding 
to ensure that the base materials in way of the attachments are of weldable quality. 


1.4.8 In order to prevent cross-contamination of different material types, the welding of carbon steel materials is to be in areas 
segregated from that used for either austenitic or non-ferrous materials, see Ch 13, 7 Austenitic and duplex stainless steel - 
Specific requirements. 

1.5 Cutting of materials 


1.5.1 Materials may be cut to the required dimensions by thermal means, shearing or machining in accordance with the 
manufacturing drawings or specifications. 


1.5.2 Cold shearing is not to be used on materials in excess of 25 mm thick. Where used, the cut edges that are to remain 
un-welded are to be cut back by machining or grinding for a minimum distance of 3 mm. 


1.5.3 Material, which has been thermally cut, is to be free from excessive oxides, scale and notches. 


1.5.4 All cut edges are to be examined to ensure freedom from material and/or cutting defects. Visual examination may be 
supplemented by other techniques. 


1.5.5 Thermal cutting of alloy and high carbon steels may require the application of preheat, and special examination of these 
cut edges will be required to ensure no cracking. In these cases, the cut edge is to be machined or ground back a distance of at 
least 2 mm, unless it has been demonstrated that the cutting process has not damaged the material. 


1.5.6 Any material damaged in the process of cutting is to be removed by machining, grinding or chipping back to sound 
metal. Weld repair may only be performed with the agreement of the Surveyor. 
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1.6 Forming and bending 

1.6.1 Plates, pipes, etc. may be formed to the required shape by any process which does not impair the quality of the 

material. 


1.6.2 Where hot forming is employed the manufacturer is required to demonstrate that the forming procedure is compliant 
with a recognised National or International Standard or shall demonstrate by appropriate qualification tests that the material 
properties remain acceptable in the ‘as formed’ condition. 


1.6.3 Materials that are cold formed, such that the permanent strain exceeds 10 per cent, or formed to a diameter to 
thickness ratio less than 10, are to be subjected to a subsequent softening heat treatment in accordance with the material 
manufacturers recommendations, unless it is demonstrated by testing that the material properties are acceptable in the ‘as 
formed’ condition. 


1.6.4 As far as practicable, forming is to be performed by the application of steady continuous loading using a machine 
designed for that purpose. The use of hammering, in either the hot or cold condition is not to be employed. 


1.6.5 Material may be welded prior to forming or bending, provided that it can be demonstrated that the weld mechanical 
properties are not impaired by the forming operation. All welds subjected to bending are to be inspected on completion to ensure 
freedom from surface breaking defects. 


1.7 Assembly and preparation for welding 


ae cea Excessive force is not to be used in fairing and closing the work. Where excessive root gaps exist between surfaces or 
edges to be joined, corrective measures are to be adopted. 


1.7.2 Provision is to be made for retaining correct alignment during welding operations in accordance with the approved 
manufacturing specifications and welding procedures. 


1.7.3 Tack welds are to be avoided as far as practicable. When used, tack welds are to be of the same quality as the finished 
welds, made in accordance with approved welding procedures, and where they are to be retained as part of the finished weld, 
they are to be clean and free from defects. 


1.7.4 Generally, tack welds are not to be applied in lengths of less than 30 mm for mild steel grades and aluminium alloys, and 
50 mm for higher tensile steel grades. Smaller tack welds may be accepted for steels, provided that the carbon equivalent of the 
materials being welded is not greater than 0,36 per cent. 


1.7.5 Where deep penetration welding is used (see Ch 13, 2.4 Construction and workmanship 2.4.6), welding procedure tests 
are to demonstrate that the specified degree of penetration is achieved in way of tack welds left in place. 


1.7.6 Where temporary bridge pieces or strong-backs are used, they are to be of similar materials to the base materials and 
welded in accordance with approved welding procedures. 


VA Any fit-up aids and tack welds, where welded to clad materials, are to be attached to the base material and not to the 
cladding. 


1.7.8 Surfaces of all parts to be welded, are to be clean, dry and free from rust, grease, debris and other forms of 
contamination. 


1%9 When misalignment of structural members either side of bulkheads, decks etc. exceeds the agreed tolerance, the 
misaligned item is to be released, realigned and rewelded in accordance with an approved procedure. 
1.8 Welding equipment and welding consumables 


1.8.1 Welding plant and equipment is to be suitable for the purpose intended and properly maintained, taking into account 
relevant safety precautions. 


1.8.2 Suitable means of measuring the welding parameters (i.e. current, voltage and travel speed) are to be available. 
Electrical meters are to be properly maintained and have current calibrations. 


1.8.3 Welding consumables are to be suitable for the type of joint and grade of material to be welded, and in general, are to 
be LR Approved in accordance with Ch 77 Approval of Welding Consumables. 


1.8.4 Special care is to be taken in the distribution, storage and handling of all welding consumables. They are to be kept in 
heated dry storage areas with a relatively uniform temperature in accordance with the consumable manufacturer’s 
recommendations. Condensation on the metal surface (e.g. wire electrodes and studs) during storage and use is to be avoided. 


1.8.5 Prior to use, welding consumables are to be dried and/or baked in accordance with the consumable manufacturer’s 
recommendations. 
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1.8.6 Satisfactory storage and handling facilities for consumables are to be provided close to working areas and the condition 
of welding consumables are to be subject to regular inspections. 


1.9 Welding procedure and welder qualifications 


1.9.1 Welding procedures are to be developed by the manufacturer for all welding, include weld repairs, and are to be 
capable of achieving the mechanical property requirements and non-destructive examination quality appropriate to the work being 
undertaken. 


1.9.2 Welding procedures are to be established for the welding of all joints and are to be qualified by testing in accordance 
with Ch 12 Welding Qualifications. The welding procedures are to give details of the welding process, type of consumable, joint 
preparation, welding position and filler metals to be used. 


1.9.3 The proposed welding procedures are to be approved by the Surveyor prior to construction. 


1.9.4 All welders and welding operators are to be qualified in accordance with the requirements of Ch 12 Welding 
Qualifications. Qualification records to demonstrate that welding personnel have the skills to achieve the required standard of 
workmanship are to be available to the Surveyor. 


1.10 Welding during construction 

1.10.14 Materials to be assembled for welding are to be retained in position by suitable means such that the root gaps and 
alignment are in accordance with the approved manufacturing specifications and welding procedures. 

1.10.2 Surfaces of all parts to be welded, are to be clean, dry and reasonably free from rust, scale and grease. 


1.10.3 Pre-heat is to be applied, as specified in the approved welding procedure, for a distance of at least 75 mm from the joint 
preparation edges. The method of application and temperature control are to be such as to maintain the required level throughout 
the welding operation. 


1.10.4 When the ambient temperature is O°C or less, or where moisture resides on the surfaces to be welded, due care is to be 
taken to pre-heat the joint to a minimum of 20°C, unless a higher pre-heat temperature is specified. 


1.10.56 | Where tack welds are to be removed from the root of the weld joint, this is to be carried out such that the surrounding 
material and joint preparation is not damaged. 


1.10.6 The welding arc is to be struck on the parent metal which forms part of the weld joint or on previously deposited weld 
metal. 


1.10.7 | Where the welding process used is slag forming (e.g. manual metal arc, submerged arc, etc.) each run of deposit is to 
be cleaned and free from slag before the next run is applied. 


1.10.8 Full penetration welds are to be made from both sides of the joint as far as practicable. Prior to welding the second side, 
the weld root is to be cleaned, in accordance with the requirements of the approved welding procedure, to ensure freedom from 
defects. When air-arc gouging is used, care is to be taken to ensure that the ensuing groove is slag and oxide free and has a 
profile suitable for welding. 


1.10.9 | Where welding from one side only, care is to be exercised to ensure the root gap is in accordance with the approved 
welding procedure and the root is properly fused. 


1.10.10 Particular care is to be exercised in welding in the vertical position with direction of travel downward (Vd) to avoid 
welding defects. The use of solid wire gas metal arc (GMAW) process in the vertical down position is to be avoided. 


1.10.11 Welding is to proceed systematically with each welded joint being completed in correct sequence without undue 
interruption. 


1.10.12 After welding has been stopped for any reason, care is to be taken in restarting to ensure that the previously deposited 
weld metal is thoroughly cleaned of slag and debris, and preheat has been re-established. 


1.10.13 Care is to be taken to avoid stress concentrations such as sharp corners or abrupt changes of section, and completed 
welds are to have an even contour, blending smoothly with the base materials. The weld shape and size is to be in accordance 
with that specified in the approved drawings or specifications. 


1.10.14 Welded temporary attachments used to aid construction are to be removed carefully by grinding, cutting or chipping. 
The surface of the material is to be finished smooth by grinding followed by crack detection. 


1.10.15 Where fabricated and welded components require to be machined, all major welding operations are to be completed 
prior to final machining. 
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1.10.16 Welding to parts which are subjected to rotating fatigue (e.g. shafts) is not generally permitted. 

1.10.17 Welding onto parts that have been hardened for wear resistance or strength (e.g. gear teeth) is not permitted. 

1.10.18 Where welding of clad ferritic steel plates is to be undertaken, the clad materials are to be ground back from the 
prepared edge by at least 10 mm. In general, the ferritic materials are to be welded prior to welding of the cladding material. 

1.11 Non-destructive examination of welds 


1.11.1 Non-destructive examinations are to be made in accordance with approved written procedures and shall comply with 
the general NDE requirements as per of the Ch 7, 5 Non-destructive examination. 


1.11.2 | Non-destructive examinations are to be undertaken by qualified personnel as per Ch 7, 5.2 Personnel qualifications. 


1.11.3 Effective arrangements are to be provided by the manufacturer for the inspection of finished welds to ensure that all 
welding, and where necessary, all post-weld heat treatment, has been satisfactorily completed. 


1.11.4. Welds are to be clean and free from paint at the time of visual inspection unless specified otherwise in the following 
Sections. 


1.11.5 The weld surface finish is to ensure accurate and reliable detection of defects. Where the weld surface is irregular or has 
other features likely to interfere with the interpretation of non-destructive examination, the weld is to be ground or machined. 


1.11.6 — Prior to inspection, welded temporary attachments and lifting eyes used to aid construction are to be removed carefully 
by grinding, cutting or chipping or other approved means. The surface of the material is to be finished smooth by grinding followed 
by crack detection. Any defects caused in the removal process are to be repaired and re-inspected. 


1.11.7. For welds in steels with specified yield strength less than 420 N/mm2, and with carbon equivalent less than or equal to 
0,41 per cent, NDE may be performed as soon as the test assembly has cooled to ambient temperature. For the steels shown in 
Table 13.1.1 Cooling times prior to non-destructive examination the following cooling times are to be observed prior to the 
application of non-destructive examination to completed welding. 


Table 13.1.1 Cooling times prior to non-destructive examination 


Cooling time prior to applying NDE 


Type of steel (after all welds have reached ambient temperature and after any 
applicable post-weld heat treatment) 


Specified yield strength < 420 N/mm? and CE < 0,41 On welded structure reaching ambient temperature 


420 N/mm? < Specified yield strength < 690 N/mm? Not before 48 hours after completion of welding 


Specified yield strength > 690 N/mm? Not before 72 hours after completion of welding 


Note 7. At the discretion of the Surveyor, the 72 hour interval may be reduced to 48 hours for radiographic or ultrasonic inspection, provided 
there is no indication of delayed cracking, and a complete visual and random magnetic particle or penetrant inspection to the satisfaction of the 


Surveyor is conducted 72 hours after welds have been completed and cooled to ambient temperature. 


Note 2. Regardless of yield strength, consideration is to be given to requiring a delayed inspection where evidence of delayed cracking has been 
observed in production welds. 


Note 3. At the discretion of the Surveyor, a longer interval and/or additional random inspection at a later period may be required, for example, in 
case of high thickness welds. 


1.11.8 | Non-destructive examinations are to be performed in accordance with the requirements of the Rules. Examinations are 
to be in accordance with agreed written procedures prepared by the manufacturer or ship builder. 


1.11.9 | The Surveyor may request additional inspections where there is reason to question the quality of workmanship, or where 
the weld is part of a complicated fabrication where there is high restraint or high residual stresses. 


444 


.10 Welds are to be examined after completion of any post-weld heat treatment. 


1.11.11. Where weld defects are discovered, the full extent is to be ascertained by applying additional non-destructive 
spaminatogs where required. Unacceptable defects are to be completely removed and, where necessary, weld repaired in 
accordance with the relevant Sections of this Chapter. The repairs are to be re-inspected using the same technique as the original 
inspection. 
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1.11.12 Results of non-destructive examinations are to be recorded and evaluated by the constructor on a continual basis in 
order that the quality of welding can be monitored. These records are to be available to the Surveyor. 


1.11.13 The constructor is to be responsible for the review, interpretation, evaluation and acceptance of the results of NDE. 
Reports stating compliance or otherwise with the criteria established in the inspection procedure are to be issued. Reports are to 
comply, as a minimum, with the requirements of Ch 7, 5 Non-destructive examination. 


1.11.14 The extent of applied non-destructive examination is to be increased when warranted by the analysis of previous results. 


1.11.15 Ultrasonic testing of welds in austenitic and duplex stainless steels requires specific procedures, appropriately qualified 
personnel and suitable equipment including angle-compression wave and creep wave probes, in addition to the above 
requirements. 


1.11.16 In general, start/stop points in welds made using automatic welding processes (i.e. welding in which all welding 
operations are performed without welding operator intervention during the process and manual adjustment of welding parameters 
by the welding operator is not possible) or fully mechanised welding processes, these are to be examined using radiographic or 
ultrasonic inspection, except for internal members where the extent of testing is to be agreed with the Surveyor. 


1.11.17 Consideration may be given for a reduction in inspection frequency for welds where volumetric inspection and the 
quality assurance techniques applied indicate satisfactory quality. 


1.11.18 Where the Surveyor becomes aware that an NDE location has been repaired without a record of the original defect, the 
shipyard is to carry out additional examinations on areas adjacent to the repaired area, to the satisfaction of the Surveyor. 


1.11.19 Where PWHT is carried out the requirement for testing after a delay period may be relaxed, at the discretion of the 
Surveyor. 
1.12 Routine weld tests 


1.12.1 Routine or production weld tests may be specified as a means of monitoring the quality of the welded joints. This type of 
quality control test is generally specified for pressure vessel and LNG construction but may be used for other types of welded 
fabrication. 


1.12.2 Routine weld tests may be requested by the Surveyor where there is reason to doubt the quality of workmanship. 


1.12.3 Where routine weld tests have been agreed, they are to be performed in accordance with the general requirements for 
the type of construction, see Ch 13, 3 Specific requirements for fabricated steel sections and Ch 13, 4 Specific requirements for 
fusion welded pressure vessels. 


1.13 Rectification of material defects 
1.13.1 Repair of defects found in base materials is not to be carried out without the prior approval of the Surveyor. 


1.13.2 In general, surface defects in the material may be removed by grinding, chipping, etc. provided the remaining material 
thickness is not reduced below the minimum thickness tolerance, and the area is ground to blend in smoothly with the surrounding 
material. 


1.13.3. Confirmation that the defect has been removed is required by performing visual examination, augmented by either 
magnetic particle or dye penetrant examination techniques. 


1.13.4 Surface defects, which cannot be repaired by the above method, may be repaired by welding where permitted by Ch 3 
Rolled Steel Plates, Strip, Sections and Bars to Ch 9 Copper Alloys. Such repairs are to be performed in accordance with the 
requirements of this Section and those specified in Ch 3 Rolled Steel Plates, Strip, Sections and Bars to Ch 9 Copper Alloys. 


1.13.5 Any defects in the structure resulting from the removal of temporary attachments are to be prepared, efficiently welded 
and ground smooth so as to achieve a defect free repair. 
1.14 Rectification of distortion 


1.14.41 Fairing, by linear or spot heating, to correct distortions due to welding, may be carried out. In order to ensure that the 
properties of the material are not adversely affected, approved procedures are to be utilised. On completion of such processes, 
visual examination of all heat affected areas in the vicinity is to be carried out to ensure freedom from cracking. 


1.14.2 | When misalignment of members exceeds the agreed tolerance, the misaligned item is to be cut apart, realigned and re- 
welded in accordance with an approved procedure. 
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1.15 Rectification of welds defects 


1.15.4 Where repairs are extensive the manufacturer is to investigate the reason for the defects and take the necessary actions 
to prevent recurrence. In addition, consideration is to be given to the sequence of repairs and to providing temporary supports to 
prevent misalignment or collapse. When unacceptable indications are found, additional areas of the same weld length are to be 
examined unless it is agreed with the Surveyor and the manufacturer that the indication is verified as being isolated. 


1.15.2. Cracks are to be reported to the Surveyor and the cause established prior to undertaking weld repairs. 


1.15.3 Defects may be removed by grinding, chipping or thermal gouging. Where thermal gouging is used, the repair groove is 
to be subsequently ground clean to remove oxides and debris. The groove is to have a profile suitable for welding. 


1.15.4. Prior to commencing repair welding, it is to be confirmed that no defect exists on the prepared surface by performing 
visual examination, augmented by either magnetic particle or dye penetrant examination techniques. 


1.15.5 — Repair welding is to be performed using approved welding procedures. 


1.15.6 | Completed repairs are to be re-examined by the non-destructive examination method(s) that detected the original defect 
and are to confirm that the original defect has been removed. 


1.15.7 | Where the component or structure has been subjected to post-weld heat treatment prior to weld repair, this is to be 
repeated after completion of all repair welding. 


1.15.8 | Where non-destructive examination reveals that the original defect has not been successfully removed, one more repair 
attempt may be performed. 


= 


1.15.9 The manufacturer is to monitor the quality of welding and maintain records of welding repairs and take the necessary 
corrective actions where repair rates are outside normal limits. 


1.15.10 All radiographs exhibiting non-conforming indications are to be brought to the attention of the Surveyor, and such welds 
are to be repaired and re-inspected as required by the procedures and the test plans. When non-conforming indications are 
observed at the end of the radiograph, additional radiographic inspection will generally be required to determine their extent. As an 
alternative measure, the manufacturer may, upon agreement with the Surveyor, excavate and repair the affected welds to fully 
determine the extent of defects. 


1.15.11. The manufacturer is to monitor and record the repair rate and take such corrective actions as are required and identified 
by the Quality Assurance system. 


1.16 Post-weld heat treatment 


1.16.4 On completion of welding, post-weld heat treatment may be required depending on the type of welded construction, 
the material type and thickness as specified by the relevant Parts or Sections of the Rules. 


1.16.2 — In general, heat treatment after welding is to be a stress relief treatment in order to reduce residual stresses introduced 
by welding and is generally applicable to ferritic steels. Where other types of heat treatment (e.g. normalising, solution annealing) 
are proposed, demonstration of acceptable mechanical properties of the weldment are to be confirmed by a welding procedure 
test which includes a simulated heat treatment. 


1.16.3 Parts are to be properly prepared for heat treatment. Machined surfaces (e.g. flange faces, screw threads, etc.) are to 
be protected against scaling and sufficient temporary supports provided to prevent distortion or collapse of the structure. 


1.16.4 Details of the heat treatment to be applied, soaking time and temperature, heating and cooling rates, etc. are to be 
submitted for review prior to commencing. 


1.16.5 Post-weld heat treatment is to be carried out in a purpose built furnace which is efficiently maintained. In special cases, 
where the configuration of the component is such that thermal stresses during heating and cooling can be minimised, local post- 
weld heat treatment may be used. This would not normally apply to the complex geometry of cast materials during manufacture 
within the foundry environment. 


1.16.6 In all cases, the heat treatment facilities and arrangements are to be capable of controlling the temperature throughout 
the heat treatment cycle and adequate means of measuring and recording the component temperature are to be provided. 
Thermocouples are to be attached so they are in contact with the component. 


1.16.7 Unless specified otherwise, stress relief heat treatment is to be carried out by means of controlled heating from 300°C, 
to the soak temperature, holding within the prescribed soaking temperature range for the time specified (usually 1 hour per 25 mm 
of weld thickness) followed by controlled cooling to below 300°C. 
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1.16.8 | Where post-weld stress relief is specified for welded constructions that contain joints between different materials (e.g. 
ferritic to austenitic steels), the details of the materials, welding procedures and heat treatment cycle to be applied are to be 
submitted for special consideration and approval. 


1.16.9 | Non-destructive examination of welds is to be performed after completion of any heat treatment. 


1.17 Certification 

1.17.1 Products or components are not to be considered complete until all the requirements of the construction specification 
have been met and all activities have been completed. 

1.17.2 Upon completion of the works, the manufacturer is to provide documentation which indicates that: 

a) All welds are complete and there are no outstanding repairs. 

b) The appropriate post-weld heat treatments have been performed. 

c) Appropriate destructive tests have been performed. 

d) Proof testing of welds has been performed. 


ZnSe 


1.17.3 Before the test certificates or shipping statements are signed by the Surveyor, the manufacturer is required to provide a 
written declaration stating that the product is in accordance with the requirements of Ch 13, 1.17 Certification 1.17.2. 


a Section 2 
Specific requirements for ship hull structure and machinery 


2.1 Scope 


2.1.1 The requirements of this Section apply to the construction of ships, including hull structure, superstructure and 
deckhouses, components forming part of the ship structure and its machinery (excluding pressure equipment and piping, see Ch 
13, 4 Specific requirements for fusion welded pressure vessels). These requirements are in addition to the general welding 
requirements specified in Ch 13, 1 General welding requirements. 


2.1.2 The shipyard and manufacturer’s works are to be assessed to give assurance that they have the facilities, equipment, 
personnel and quality control procedures to produce work of the required quality. 


2.2 Welding consumables 


2.2.1 Welding consumables used for hull construction are to be approved in accordance with Ch 77 Approval of Welding 
Consumables and are to be suitable for the type of joint and grade of material to be welded. 


2.2.2 Steel welding consumable approvals, up to and including Grade Y40, and Y47, are considered acceptable for hull 
construction in line with Table 17.1.1 Welding consumable grades appropriate to structural and low temperature service steel 
grades in Chapter 11, Ch 12, 2.2 Welding variables 2.2.2 and the following: 


(a) Consumables up to Grade Y are acceptable for welding steels up to 3 strength levels below that for which the approval 
applies, e.g. a consumable with approval grading 3Y is acceptable for welding EH36, EH382 and EH27S higher tensile ship 
steels and grade E normal strength ship steel. 

(b) Consumables for Grade Y40 are acceptable for welding steels up to two strength levels below that for which the approval 
applies. Consumables for Grade Y47 are acceptable for welding steels up to one strength level below that for which the 
approval applies. 

(c) Consumables with an approved impact toughness grading are acceptable for welding steels with lower specified impact 
properties subject to (a) above, e.g. a consumable with approval grading 3Y is acceptable for welding EH, DH and AH 
materials. 

(d) For welding steels of different grades or different strength levels, the welding consumables may be of a type suitable for the 
lesser grade or strength being connected. The use of a higher grade of welding consumable may be required at 
discontinuities or other points of stress concentration. 


2.2.3 In general, the use of preheating and hydrogen controlled welding consumables for welding of ship steels up to strength 
grade H40 is to be in accordance with Table 13.2.1 Preheat and consumable requirements for welding of carbon and carbon 
manganese steels up to strength grade H40. The carbon equivalent is to be calculated from the ladle analysis using the formula 
given below: 
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Carbon = Mn , Cr+Mo+V , NI+Cu 
equivalent me 6 5 +45 


Preheat and the use of low hydrogen controlled consumables will be required for welding of steel grades higher than Grade H40. 


Table 13.2.1 Preheat and consumable requirements for welding of carbon and carbon manganese steels up to strength grade 
H40 


Carbon equivalent C eq Preheat Hydrogen controlled consumables 


C eq equal to or less than 0,41% Not required Not required, see Note 3 


C eq above 0,41 but not exceeding 0,45% | Not required, see Notes 1 and 2 Required 


C eq greater than 0,45% Required Required 


Note 1. Preheat may need to be applied in order to meet the maximum hardness values specified in Ch 12, 2.12 Mechanical test acceptance criteria 
for steels 2.12.6. 


Note 2. Under conditions of high restraint or low ambient temperature preheat may need to be applied. 


Note 3. Hydrogen controlled consumables may need to be considered for welding of (a) Thicker materials (i.e. > 35 mm). (6) Higher strength materials. 
(c) Welds subject to high restraint. 


2.2.4 All aluminium alloy welding consumables are to be approved in accordance with Ch 11 Approval of Welding 
Consumables and are suitable for welding the grades of material as shown in Table 13.2.2 Welding of aluminium alloys - 
Consumable requirements. 


Table 13.2.2 Welding of aluminium alloys - Consumable requirements 


Consumable approval grade | Base material alloy grade 


RA or WA 5754 


RB or WB 5086, 5754 


RC or WC 5083, 5086, 5754 


RD or WD 6005A, 6061, 6082 


2.2.5 All austenitic stainless steel and duplex stainless steel welding consumables are to be approved in accordance with the 
Ch 11 Approval of Welding Consumables and are suitable for welding the grades of material as shown in Table 13.2.3 Welding of 
austenitic stainless and duplex stainless steels - Consumable requirements. 
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Table 13.2.3 Welding of austenitic stainless and duplex stainless steels - Consumable requirements 


Consumable approval grade Suitable for welding material alloy grades 


Austenitic stainless steels 


321 321 


347 347 and 321 


Austenitic stainless steel - Low carbon 


304L (see Note 3) 


304LN (see Note 3) N and 304L 
316L and 304L 
316LN N, 316L, 304LN and 304L 


317L L, 316LN, 316L, 304LN and 304L 


317LN N, 317L, 316LN, 316L, 304LN and 304L 


Super austenitic stainless steels, see No 


$31254 $31254 and NO8904 


NO8904 NO8904 


Duplex stainless steels, see Note 1 
$31260 $31260 and S31803 
$31803 $31803 
$32550 S32550 
$32750 $32750 and S32550 


$32760 $32760, S32550, S31260 and S31803 


Stainless steels welded to carbon steels 


SS/CMn Carbon steel to all steels in Sections 1, 2 and 3 


Duplex/CMn Carbon steel to all duplex stainless steel in Section 4 


Note 1. The use of a different welding consumable grade from that of the base material may require 


demonstration of acceptable corrosion properties. 


Note 2. May be used for welding low carbon austenitic grades provided measures are taken to prevent 
solidification cracking from occurring. 


Note 3. These are LR Grades and do not correspond to any National or International Standards/Grades. 


2.3 Welding procedure and welder qualifications 

2.3.1 Welding procedures and welder qualifications are to be tested and approved in accordance with the requirements of Ch 
12 Welding Qualifications. 

2.4 Construction and workmanship 


2.4.1 Weld preparations and openings may be formed by thermal cutting, machining or chipping. Chipped surfaces that will 
not be subsequently covered by weld metal are to be ground smooth. 


2.4.2 Prior to welding, the alignment of plates and stiffeners forming part of the hull structure is to be in accordance with the 
tolerances specified in the relevant part of the Rules. 


2.4.3 When welding from one side only, care is to be exercised to ensure the root gap and fit up are in accordance with the 
approved welding procedure and the root is properly fused. 
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2.4.4 Where it is proposed to use permanent backing strips, the intended locations and welding procedures are to be 
submitted for consideration. 


2.4.5 Temporary backing strips may be used provided they are in accordance with approved welding procedures and are 
subsequently removed on completion of welding. 


2.4.6 The outer surfaces of completed welds are to blend smoothly with the base materials and provide a smooth transition 
and gradual change of section. 


2.4.7 Weld joints in parts of oil engine structures that are stressed by the main gas or inertia loads are to be designed as 
continuous full penetration welds. They are to be arranged so that welds do not intersect, and that welding can be effected 
without difficulty. 


2.4.8 When modifications or repairs have been made which result in openings having to be closed by welded inserts, 
particular care is to be given to the fit of the insert and the welding sequence. The welding is also to be subject to non-destructive 
examination. 


2.4.9 Where welding of aluminium alloy is employed, the following additional requirements are to be complied with so far as 
they are applicable: 


(a) Welding is to be performed by fusion welding using inert gas or tungsten inert gas process or by the friction stir welding 
process. Where it is proposed to use other welding processes, details are to be submitted for approval. 

(b) The weld joint surfaces should be scratch brushed, preferably immediately before welding, in order to remove oxide or 
adhering films of dirt, filings, etc. 


2.4.10 For steel grades EH47, EH47-BCA1 and EH47-BCA2, the following additional requirements are applicable: 


(a) When the ambient temperature is 5°C or less, or where moisture resides on the surfaces to be welded, due care is to be 
taken to pre-heat the joint to a minimum of 50°C, unless a higher pre-heat temperature is specified. Alternative preheat 
requirements will be specially considered where Pcm of the material being welded is less than or equal to 0,19 and the air 
temperature is below 5°C but above 0°C. 

(b) The tack length may be 25 mm where Pcm of the material being welded is less than or equal to 0,19. 


2.5 Butt welds 


2.5.1 Where the ship hull is constructed of plates of different thicknesses, the thicker plates are to be chamfered in 
accordance with the approved plans. In all cases the chamfer is not to exceed a slope of 1 in 3 so that the plates are of equal 
thickness at the weld seam. Alternatively, if so desired, the width of the weld may be included as part of the smooth taper to the 
thicker plate provided the difference in thickness is not greater than 3 mm. 


2.5.2 Where stiffening members are attached by continuous fillet welds and cross completely finished butt or seam welds, 
these are to be made flush in way of the fillet weld. Similarly for butt welds in webs of stiffening members, the butt weld is to be 
complete and generally made flush with the stiffening member before the fillet weld is made. Where these conditions cannot be 
complied with, a scallop is to be arranged in the web of the stiffening member, see Figure 13.2.1 Weld dimensions and types. 
Scallops are to be of such a size and in such a position that a satisfactory weld can be made. 
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(a) Staggered intermittent 


| d S | 450 mm 
max. 


(6) Chain intermittent 


Welding to be carried 
round ends of all lugs > 


; Depth of scallop not greater 
Radius not less than 0,25d,, or 75 mm, 
( than 25mm whichever is the lesser 


450 mm 
max. 


(c) Scalloped construction 


Figure 13.2.1 Weld dimensions and types 


2.6 Lap connections 


2.6.1 Overlaps are generally not to be used to connect plates which may be subjected to high tensile or compressive loading 
and alternative arrangements are to be considered. However, where plate overlaps are adopted, the width of the overlap is not to 
exceed four times, nor be less than three times the thickness of the thinner plate and the joints are to be positioned to allow 
adequate access for completion of sound welds. The faying surfaces of lap joints are to be in close contact and both edges of the 
overlap are to have continuous fillet welds. 


2.7 Closing plates 


21.1 For the connection of plating to internal webs, where access for welding is not practicable, the closing plating is to be 
attached by continuous full penetration welds or by slot fillet welds to face plates fitted to the webs. Slots are to have a minimum 
length of 90 mm and a minimum width of twice the plating thickness, with well rounded ends. Slots cut in plating are to be smooth 
and clean and are to be spaced not more than 230 mm apart, centre to centre. Slots are not to be filled with welding. 


2.7.2 For the attachment of rudder shell plating to the internal stiffening of the rudder, slots are to have a minimum length of 
75 mm and, in general, a minimum width of twice the side plating thickness. The ends of the slots are to be rounded and the 
space between them is not to exceed 150 mm. 
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2.8 Stud welding 

2.8.1 Where permanent or temporary studs are to be attached by welding to main structural parts in areas subject to high 


stress, the proposed location of the studs and the welding procedures adopted are to be approved. 


2.9 Fillet welds 
2.9.1 T-connections are generally to be made by fillet welds on both sides of the abutting plate, the dimensions and spacing 


of which are shown in Figure 13.2.1 Weld dimensions and types. Where the connection is highly stressed, deep penetration or full 
penetration welding may be required. Where full penetration welding is required, the abutting plate may be required to be bevelled. 


2.9.2 Where an approved deep penetration procedure is used, the fillet leg length calculated may be reduced by 15 per cent 
provided that the manufacturer is able to meet the following requirements: 


(a) Use of a welding consumable approved for deep penetration welding in accordance with Ch 17 Approval of Welding 
Consumables for either the ‘p’ or ‘T’ techniques. 

(b) Demonstrations by way of production weld testing that the minimum required penetration depths (i.e. throat thicknesses) are 
maintained. This is to be documented on a monthly basis by the manufacturer and be available to the Surveyor. 


2.9.3 The calculated fillet leg length may be reduced by 20 per cent, provided that in addition to the requirements of Ch 73, 
2.9 Fillet welds 2.9.2.(a) and Ch 13, 2.9 Fillet welds 2.9.2.(b), the manufacturer is able to consistently meet the following additional 
requirements: 


(a) The documentation required in Ch 13, 2.9 Fillet welds 2.9.2.(b) is to be completed and made available to the Surveyor upon 
request on a weekly basis. 

(b) Suitable process selection confirmed by satisfactory welding procedure tests covering both minimum and maximum root 
gaps. 

2.9.4 Where intermittent welding is used, the welding is to be made continuous in way of brackets, lugs and scallops and at 

orthogonal connections with other members. 


2.10 Post-weld heat treatment 


2.10.1 This section determines the requirements for post-weld stress relief heat treatment when applied to ship structure and 
associated machinery. 


2.10.2 Post-weld stress relief heat treatment is applied to improve resistance to brittle fracture or fatigue performance. It is to 
be applied when the thickness limits stated in Table 13.2.4 Post-weld stress relief heat treatment thickness limits are exceeded. 


Table 13.2.4 Post-weld stress relief heat treatment thickness limits 


Material Grade Material Thickness Limit (mm) 


Typical Application Load Conditions (See Note 1) 
(See Note 2) (See Note 3) 


Normal strength (A - E), 


Ship structure Fatigue non-critical / critical Higher strength (H27S - H40, 


[Excluding EH47}) 


Ship structure Fatigue non-critical / critical Higher strength (EH47) 


Machinery Fatigue non-critical High strength (H42 - H69) 


Machinery Fatigue critical High strength (H42 - H46) 


Machinery Fatigue critical High strength (H50 - H69) 
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Ship structure / Machinery Any Other material grades Subject to special consideration 


Note 1. Fatigue analysis shall be approved by design appraisal according to relevant rules for each application. 


Fatigue non-critical - Design assessment confirms that there are cyclic stresses but the fatigue life is reasonably greater than the design 
fatigue life and it is anticipated that fatigue crack initiation and propagation are unlikely to occur. 

Fatigue critical - Design assessment confirms that there are cyclic stresses and the estimated fatigue life meets the design requirements 
but it is not significantly higher. It is anticipated that fatigue crack initiation and propagation are likely to occur. 


Note 2. Where steel grades based on national and international standards are specially agreed for construction, they are to be procured from 
LR approved works which hold current approval for the LR equivalent grade and the same delivery condition as the steel to be procured. 


Note 3. For all applications where material thickness is greater than 65 mm (or greater than 100 mm for EH47), 100 per cent surface and 
volumetric non-destructive examination of welds is required. 


2.10.3 Post-weld heat treatment is to be applied to the following types of welded construction: 


(a) Welding of steel castings where the thickness of the casting at the weld exceeds 30 mm, except where castings are directly 
welded to the hull structure. 

(b) Engine bedplates except for engine types where the bedplate as a whole is not subjected to direct loading from the cylinder 
pressure. For these types, only the transverse girder assemblies need to be stress relieved. 

(c) Welding of gear wheels. 

(d) Welding of gear cases associated with main or auxiliary engines, see Pt 5 Main and Auxiliary Machinery. 


2.10.4 Consideration is to be given to applying post-weld heat treatment for all thicknesses of complicated weld joints where 
there are high stress concentrations. 


2.10.5 Where required, heat treatment is to be performed in accordance with the requirements specified in Ch 13, 1.16 Post- 
weld heat treatment and Table 13.4.3 Post-weld soak temperatures and times. 


2.10.6 Special consideration may be given to omit the required post-weld heat treatment. Evaluation is to be based on critical 
engineering assessment involving fracture mechanics testing and proposals are to be submitted which include full details of the 
application, materials, welding procedures, inspection procedures, design temperature and stresses, fatigue loads and cycles. 
Evidence will be required to demonstrate that the inspection techniques and procedures to be employed are able to detect flaws 
to the sizes and tolerances (of length, through-wall height and through-wall position), as determined from the fracture mechanics 
(and or fatigue) calculations. Alternative procedures for the omission of post weld heat treatment will be subject to special 
consideration. 


2.11 Tolerances 
2.11.1. Tolerances after welding are to be in accordance with the relevant Part of the Rules. 


2.11.2 — Distortion which has resulted from welding may be corrected by spot heating in accordance with Ch 13, 1.14 
Rectification of distortion. 


2.12 Non-destructive examination of steel welds 


2.12.1 All finished welds are to be sound and free from cracks and substantially free from lack of fusion, incomplete 
penetration, porosity and slag. The surfaces of welds are to be reasonably smooth and substantially free from undercut and 
overlap. Care is to be taken to ensure that the specified dimensions of welds have been achieved and that both excessive 
reinforcement and under-fill of welds is avoided. 


2.12.2 Welds forming part of the hull and superstructure may be coated with a thin layer of protective primer prior to inspection 
provided it does not interfere with inspection and is removed, if required by the Surveyor, for closer interpretation of possible 
defective areas. 


2.12.3 All welds are to be visually inspected by personnel designated by the builder. Visual inspection of all welds may be 
supplemented by other non-destructive examination techniques in cases of unclear interpretation, as considered necessary. The 
acceptance criteria for visual testing are given in Table 13.2.5 Acceptance criteria for visual testing, magnetic particle and liquid 
penetrant testing. 
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Table 13.2.5 Acceptance criteria for visual testing, magnetic particle and liquid penetrant testing 


Surface discontinuity Classification according to ISO 


6520-1 


Acceptance criteria 


Crack 100 lot accepted 


Lack of fusion 401 jot accepted 


Incomplete root penetration in 4021 


butt joints welded from one side 


jot accepted 


Surface pore Visual inspection 


Thickness (f) 


0,5mm<t<3,0 mm t>3,0 mm 


Not permitted Butt welds: d < 0,2 t (max of 2,0 


mm) 


Fillet welds: d < 0,2 a (max of 2,0 
mm) 


\See Notes 4, 5, & 6. 


Liquid penetrant inspection 


Single pore indication diameter d < 6 mm see Notes 1, 2, 3 & 4. 


Magnetic particle inspection 


Single pore diameter d < 3 mm see Notes 1,3 & 4. 


= major axis of dimension 


Undercut 5011 (Continuous) Thickness (f) 


5012 (Intermittent) 


0.5mm <t<3,0 mm 


t>3,0 mm 


Short imperfections only see 
Notes 7 & 8: 


< 0,1 t see Note 9 


Short imperfections only see 
Notes 7 & 8: 


fh < 0,1 t (max 0,5 mm) see Note 
9 


Smooth transition to parent mater 
not to be regarded as systematic. 


ial is required and imperfection is 


Note 7. A pore is defined as an indication having a length less than or equal to three times its width. 


Note 2. A penetrant indication refers to the size of the bleed out from the discontinuity resulting in the indication. 


Note 3. Indications that are approximately in line, which are separated by less than the length of the smaller indication, are to be 


considered as a single indication. 


Note 4. d = diameter. 


Note 5. t = thickness of thinner material. 


Note 6. a = throat thickness. 


Note 7. For either continuous or intermittent undercut, only short imperfections are allowed. 


Note 8. The definitions of short imperfections are as follows:For welds 100 mm long or longer: Imperfections whose total length is not 
greater than 25 mm in the 100 mm of the weld which contains the greatest number of imperfections.For welds less than 100 mm long: 
Imperfections whose total length is not greater than 25 per cent of the length of the weld. 


Note 9. h = hieght or width of imperfection. 
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2.12.4 — In addition to visual inspection, where required by either LR Rules, the NDE checkpoint plan, the contract inspection and 
test plan, or as warranted for further testing either by the manufacturer or the surveyor, welded joints are to be examined using any 
one or a combination of ultrasonic, radiographic, magnetic particle, eddy current, dye penetrant or other acceptable methods 
appropriate to the configuration of the weld. 


2.12.5 The method to be used for the volumetric examinations of welds is the responsibility of the builder; however, the 
following technical considerations shall be noted for the choice concerning the selected method: 


(a) For full penetration butt welds, advanced NDE (ANDE) methods may be used in lieu of (or complementary to) existing 
ultrasonic or radiographic testing methods. These methods may additionally be used on other weld configurations, with some 
limitations, as specified in Table 13.2.9 Applicable methods for testing of materials and weld joints. 

(b) Radiography (using film or RT-D methods) may be used for the examination of welds for any thickness range, as applicable to 
the penetrating capability of the radiation energy and the radiation source, and within any limits as identified in the procedure 
in order to achieve the specified quality level. The applicable material and joint types are given in Table 13.2.9 Applicable 
methods for testing of materials and weld joints. 

(c) Ultrasonic testing may be used for the examination of welds, generally for 8 mm thickness or greater, and advanced methods 
(such as PAUT or TOFD) for thicknesses of 6 mm or greater (as appropriate). The applicable material and joint types are given 
in Table 13.2.9 Applicable methods for testing of materials and weld joints. 

(d) Where there is a requirement for enhanced NDE acceptance criteria to be applied to thick plate sections in the hatch 
coaming region of container ships, as per the Measure 3 requirement in Table 8.2.1 Chemical composition, percentage, as 
described in Pt 4, Ch 8, 2.3 Requirements for use of thick steel plates 2.3.10 of the Rules and Regulations for the 
Classification of Ships, July 2022, the UT and PAUT acceptance criteria are to be derived from the ShipRight Procedure for 
the Use of Enhanced NDE in Container Ships. These derived acceptance criteria are project specific, and the acceptance 
criteria stated in Table 13.2.7 Acceptance criteria for ultrasonic and phased array testing are not applicable. 


2.12.6 The acceptance criteria for volumetric weld testing as applied to the appropriate methods are given in the following 
tables: 


(a) Radiographic testing (including RT-D): Table 13.2.6 Acceptance criteria for radiographic testing 

(b) Ultrasonic testing and PAUT (based on length and amplitude of indications): in Table 13.2.7 Acceptance criteria for ultrasonic 
and phased array testing 

(c) TOFD testing (based on length and height of indications): Table 13.2.8 Acceptance criteria for TOFD testing1. See also Figure 
13.2.5 General scheme for acceptance conditions for the general approach to acceptance/rejection and interpretation of 
signal parameters. Other acceptance criteria, including project specific acceptance criteria, are to be specially agreed with 
LR. 
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Table 13.2.6 Acceptance criteria for radiographic testing 


Discontinuity Classification according to ISO 6520-1 Acceptance criteria 


Crack 100 Not permitted 


Lack of fusion 401 Acceptable up to but only intermittently and 
not breaking the surface, » / < 25 mm, L = 
100 mm. See Notes 1&9 


Lack of penetration 402 Not permitted 


Slag inclusions, Flux inclusions, & Oxide | 301, 302 & 303 h <0,3 s (max 3,0 mm) 
inclusions <8 (max 50 mm) 
 =100mm 


\See Notes 1,5 &8. 


Porosity & Gas pore (Single Layer) 2011 & 2012 A<1,5% 
\d < 0,3 s (max 4,0 mm) 
= 100 mm 


\See Notes 1,3, 4,5,6&7. 


Porosity & Gas pore (Multi-Layer) 2011 & 2012 A<3,0 % 
ld < 0,3 s (max 4,0 mm) 
= 100 mm 


\See Notes 1, 3,5,6&7. 


Linear porosity |<s,max 50 mm 
ld < 0,3 s (max 3,0 mm) 
= 100 mm 


\See Notes 1, 3, 5, 6, 7 & 10. 


Clustered (localised) porosity dA < Wp (max 20 mm) 


L = 100 mm 


See Notes 1,3, 7,10 &11. 


Elongated cavity & wormholes 2015 & 2016 h <0,3 s (max 3,0 mm) 
I>, /<s (max 50 mm) 
 =100mm 

See Notes 1, 4, 7,8 & 10. 


Shrinkage cavity (other than crater pipes) Not permitted 


Crater pipe Not permitted 


Metallic inclusions other than copper 1<0,3 s (max 3,0 mm) 


\See Notes 2&5 
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Copper inclusions 3042 Not permitted 


Note 7. L = any 100 mm testing length within the radiograph. 

Note 2. / = Length of indication (mm). 

Note 3. A = Sum of projected areas of indications related to L x Wp, in %. 

Note 4. h = Width of indication, the width or height of surface imperfection (mm). 
Note 5. s = Nominal butt weld thickness (mm). 


Note 6. d = Diameter of pore (mm). 


Note 7. Wp = Width of weld (mm). 


Note 8. © / = Summary length of imperfections within L (mm). 
Note 9. If the length of the weld is below 100 mm then the maximum length of indications is not to exceed 25% of that weld. 
Note 70. For details regarding the sum of acceptable areas for porosity, see Figure 13.2.2 Sum of acceptable areas for radiography. 


Note 77. d, = Diameter of pore envelope 


Sum of acceptable areas 


Clustered porosity, D > daz Clustered porosity D < diz 
D D 


[ids Sand [ai 
L 


The sum of the different pore areas 
related to the evaluation area L x W, 


Linear porosity, D > do 


D 


The sum of the different pore areas 
(D2 2/4 + d? 1/4 + )related to the 


evaluation area L x W, 


Elongated cavities and wormholes D > /; 


h hb 


rn 
al 


L 


The sum of the length of indications 
¥ I shall be determined for each testing length 


If Dis less than da; or d,2, whatever is smaller, an envelope 
surrounding the porosity area A; + A2 shall be considered as one area. 


Linear porosity, D< d2 


odh 


If Dis smaller than the smaller diameter of one of the neighbouring 
pores, the full connected area of the two pores is to be taken into the 
sum of imperfections 


Elongated cavities and wormholes D < I; 


ah |= an 
2 { | By { 
| | =H | 


E 


I < 


If Dis smaller than the shorter length of one of the neighbouring 
imperfections, the full connection of the two imperfections is to be taken 
the sum of the imperfections. 


Figure 13.2.2 Sum of acceptable areas for radiography 


Table 13.2.7 Acceptance criteria for ultrasonic and phased array testing 


Thicknesses (t) 8 mm - 15 mm 


Indications resulting in signal amplitudes in excess of the reference level (Ho) are unacceptable regardless of length. 
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ndications resulting in signal amplitudes above the reference level Hp -6 dB, and up to the reference level (Ho), are acceptable providing their 
length does not exceed the material thickness. 


ndications resulting in signal amplitudes up to Hp -6 dB are acceptable regardless of their length. 


Thicknesses (t) 15 mm - 100 mm 


ndications resulting in signal amplitudes in excess of the reference level Hp +4 dB are unacceptable regardless of length. 


ndications resulting in signal amplitudes above Ho -2 dB and up to Hp 
+ 4 dB can only have a length equal to, or less than, the half material 
hickness. 


ndications resulting in signal amplitudes above Hp -6 dB and up to Hp -2 dB can only have a length equal to, or less than, the material thickness. 


ndications resulting in signal amplitudes of Ho -6 dB are acceptable regardless of their length. 


Note 7. For depiction and definition of reference level (H,), see Figure 13.2.3 Acceptance level for thicknesses 8 mm to 15 mm and Figure 13.2.4 
Acceptance level for thicknesses 15 mm to 100 mm. 


Note 2. For indications exceeding the evaluation level, see Figure 13.2.3 Acceptance level for thicknesses 8 mm to 15 mm and Figure 13.2.4 
Acceptance level for thicknesses 15 mm to 100 mm. For definition, the length of any discontinuity is to be determined using maximum echo 
amplitude. 


Note 3. Grouping of discontinuities based on length and separation of individually acceptable discontinuities producing amplitudes above the 
recording level, for definition (see Figure 13.2.3 Acceptance level for thicknesses 8 mm to 15 mm and Figure 13.2.4 Acceptance level for 
thicknesses 15 mm to 100 mm). The length of the grouping is not to be used for further grouping. 


Note 4. For evaluation, a group of discontinuities is to be considered as a single one if: 


a) — the distance along the weld axis (dx) between two discontinuities is less than twice the length of the longer discontinuity; 


b) — the distance (Ay) across the weld axis between two discontinuities is less than half of the thickness but not more than 10 mm; and 
c) — the distance (az) vertically between two discontinuities is less than half of the thickness but not more than 10 mm. 


Note 5. The combined length of the group of two discontinuities is /4o = /, + /2 + dx. The combined length /2 and the larger maximum amplitude 
of the two discontinuities is then to be assessed against the applicable acceptance level. 


Note 6. The length of a single acceptable discontinuity above the recording level is to be evaluated by assessing the cumulative length of all 
individually acceptable discontinuities above the recording level, given as the sum of the lengths of both single and linearly aligned discontinuities 
of combined length within a given weld length. For any section of weld length |, = 6t, the maximum cumulative length /, of all individually 
acceptable discontinuities above the recording level is not to exceed 30% of ly. 


Note 7. Guidance on the information provided above can be referenced in ISO 11666. 
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0,5 1,5 2,5 
l=nt 


Key: 


Reference level (Ho): Level defined by the echo amplitude of a defined reference reflector, i.e. 3mm diameter side drilled hole across the 
thickness range of the weld being tested. 
Acceptance level: Level defining limits for acceptance regarding echo height, related to length, position, number of indications or size. 


Recording level: Level above which every echo is to be reported. 


Evaluation level: Level above which every echo has to be evaluated or needs supplementary examination if further echo signal clarification is 
required. 


H = amplitude level 1 = Indication length n= Multiplier of t t = thickness 


Figure 13.2.3 Acceptance level for thicknesses 8 mm to 15 mm 
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25 
l=nt 


Reference level (Ho): Level defined by the echo amplitude of a defined reference reflector, i.e. 3 mm diameter side drilled hole across the 
thickness range of the weld being tested. 
Acceptance level: Level defining limits for acceptance regarding echo height, related to length, position, number of indications or size. 


Recording level: Level above which every echo is to be reported. 


Evaluation level: Level above which every echo has to be evaluated or needs supplementary examination if further echo signal clarification is 
required. 


H = amplitude level 1 = Indication length n= Multiplier of t t = thickness 


Figure 13.2.4 Acceptance level for thicknesses 15 mm to 100 mm 


Table 13.2.8 Acceptance criteria for TOFD testing! 


Acceptable length and height of indications 


Maximum acceptable length if h < | Maximum acceptable height if /< Maximum acceptable height 
ho Imax if! > Imax 


Thickness range (see Note 2 
ge ( ) Imax ho (for embedded discontinuities) hy 


mm mm mm 


(see Notes 3, 5, 6, 7 & 8) (see Notes 3, 6, 7, & 8) (see Notes 3, 4, 6, 7, & 8) 


6mm<t<15mm 


15mm <t<50mm 


50 mm <t< 100mm 
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t> 100mm 60 6 3 


Note 7. These acceptance criteria are generally based on ISO 15626 level 2 (for embedded discontinuities). See Figure 13.2.5 General scheme 
for acceptance conditions for an overview of acceptance criteria. Further guidance can be referenced within ISO 15626. 


Note 2. Nominal plate thickness. For welds joining two different thickness plates, the thinnest plate is to be taken as the thickness. 


Note 3. When indications from surface-breaking discontinuities are detected, different techniques or methods are to be applied to determine the 
type or nature of the discontinuity. Using these general (not ECA) acceptance criteria, planar discontinuities such as lack of fusion, lack of 
penetration, or cracks, are not acceptable if they are surface breaking. If it is not possible to apply other techniques or methods, or accurately 
determine the type or nature of the discontinuity, then all indications from surface-breaking discontinuities are to be considered as unacceptable. 


Note 4. Indications with heights less than h; are not to be considered. 


Note 5. The sum of the lengths of the individual indications with height larger than h; measured along the weld over a length of 12 tis to be less 
than or equal to 4,0 t, with a maximum of 200 mm. 


Note 6. For evaluation, a group of indications is to be considered as a single one if: 


e The distance between two individual indications along the weld is less than the length of the longer indication. 
e The distance between two individual indications in the thickness direction of the weld is less than the height of the higher indication. 


Note 7. In case of an indication with varying height, the maximum local height, h, shall be used. 


Note 8. Point-like indications and indications with height smaller than h; are not considered for grouping of indications. Further guidance on the 
grouping of heights (and local heights), lengths and distance between indications can be referenced in ISO 15626. 


acceptance for / $ Imax 

acceptance for / > Imax 

Rejection 

Maximum acceptable height for any discontinuity if / > Imax 
height (hz) for embedded discontinuities 


Figure 13.2.5 General scheme for acceptance conditions 
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Table 13.2.9 Applicable methods for testing of materials and weld joints 


Applicable volumetric NDE test methods (see 


Materials and weld joints Parent material thickness 
Notes 1 & 2) 


thickness < 6 mm RT, RT-D 


Ferritic and austenitic stainless steel butt welds 


. : 6 mm < thickness < 8 mm RT, RT-D, PAUT, TOFD 
with full penetration 


thickness => 8 mm RT, RT-D, UT, PAUT, TOFD 


6 mm < thickness < 8mm RT, RT-D, PAUT (see Note 3) 


Ferritic and austenitic stainless steel tee joints 
and corner joints with full penetration thickness > 8 mm IRT, RT-D, UT, PAUT (see Note 3) 


6 mm < thickness < 8mm RT, RT-D, PAUT (see Note 3) 


Ferritic cruciform joints with full penetration 


thickness > 8 mm RT, RT-D, UT, PAUT (see Note 3) 


Ferritic tee joints, corner joints and cruciform 


a ‘ : ; All UT, PAUT, RT (see Notes 3 & 4) 
joints without full penetration and fillet welds 


Note 7. The method abbreviations are defined in the appropriate sections of Ch 71, 5 Non-destructive examination. 
Note 2. TOFD is only applicable to ferritic welds. 
Note 3. RT and RT-D may be applied; however, it is noted that for these configurations, there may be limitations. 


Note 4. UT and PAUT may be used to check the extent of penetration in tee, corner and cruciform joints. 


2.12.7 | Checkpoints examined at the pre-assembly stage are to include ultrasonic testing on examples of the stop/start points 
of automatic welding and magnetic particle inspection of weld ends. 


2.12.8 | Checkpoints examined at the assembly stage are generally to be selected from those welds intended to be examined as 
part of the agreed quality control programme to be applied by the builder. The locations and number of checkpoints are to be 
approved by the Surveyor. 


2.12.9 | Where components of the structure are subcontracted for fabrication, the same inspection regime is to be applied as if 
the item had been constructed within the main contractor’s works. In these cases, particular attention is to be given to highly 
loaded fabrications (such as stabiliser fin boxes) forming an integral part of the hull envelope. 


2.12.10 Particular attention is to be paid to highly stressed items. Magnetic particle inspection is to be used at ends of fillet 
welds, T-joints, joints or crossings in main structural members and at stern frame connections. 


2.12.11 Special attention is to be given to the examination of plating in way of lifting eye plate positions to ensure freedom from 
cracks. This examination is not restricted to the positions where eye plates have been removed, but includes the positions where 
lifting eye plates are permanent fixtures. 


2.12.12 Checkpoints for volumetric examination are to be selected so that a representative sample of welding is examined. 


2.12.13 Typical locations for volumetric examination and number of checkpoints to be taken are given in the relevant Sections of 
the Rules. A list of the proposed items to be examined is to be submitted for approval. 


2.12.14 For the hull structure of refrigerated spaces, and of ships designed to operate in low air temperatures, the extent of non- 
destructive examination will be specially considered. For non-destructive examination of gas ships see the Rules and Regulations 
for the Construction and Classification of Ships for the Carriage of Liquefied Gases in Bulk, July 2022. 


2.12.15 For all ship types, the builder is to carry out random non-destructive examination at the request of the Surveyor. 


2.12.16 Results of non-destructive examinations made during construction are to be recorded and evaluated by the builder on a 
continual basis in order that the quality of welding can be monitored. These records are to be available to the Surveyor. 


2.12.17 The extent of applied non-destructive examinations is to be increased when warranted by the analysis of previous 
results. 
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2.13 Weld repairs 


2.13.1 The full extent of any weld defect is to be ascertained by applying additional non-destructive examination where 
required. Unacceptable defects are to be completely removed and, where necessary, re-welded and re-examined in accordance 
with the requirements of Ch 13, 1.15 Rectification of welds defects. 


2.13.2 During the assembly of large components, root gaps in excess of those specified in the approved welding procedure 
may be rectified by welding. 


2.13.3 Rectification of wide root gaps in butt welds, up to a maximum gap of 16 mm, may be performed provided that the 
length of these areas is small in relation to the whole weld length. Repairs may be executed by applying weld buttering layers to 
one edge of the weld joint, followed by machining or grinding to return the root opening to the required dimensions. The weld 
buttering and filling of the joint are to be in accordance with welding procedures qualified in accordance with Ch 12 Welding 
Qualifications. 


2.13.4 For sub-assemblies, rectification of wide root gaps may be performed using a backing strip, provided that it is removed 
on completion of the welding. 


2.13.5 Rectification of wide root gaps in fillet welds may be carried out as follows: 


(a) where the root gap, g, is in excess of 83 mm, but not greater than 5 mm, the fillet leg length, z, may be increased by g - 2,0 
mm; 
(b) where the root gap is in excess of 5 mm, the joint detail may be changed into a full penetration weld. 


2.13.6 | Where repair welds are made using small weld beads, suitable precautions (including preheat) are to be taken to avoid 
high hardness and possible cold cracking. 


2.14 Welding afloat with water backing 


2.14.1 Welding afloat with water backing is not recommended due to the additional precautions required during survey and 
therefore, is generally not permitted. However consideration may be given to welding afloat with water backing after specific LR 
approval has been obtained by the yard or fabricator prior to such welding being carried out. Such approval will only be given once 
all of the following conditions are satisfied: 


(a) The welding procedure qualification tests are carried out on steel plates with water backing and the water is maintained at the 
flow rate and minimum water temperature anticipated during fabrication. 

(b) The carbon equivalent of the steel plates used in the welding procedure qualification tests are to be greater than 0,41 per 

cent based on the IIW formula. Where it can be shown that all hull steel plates and new sections will have a carbon equivalent 

value below this figure, steel plates with the maximum carbon equivalent value may be used for the welding procedure 

qualification tests. 

Welding procedure qualification tests are carried out without preheat. 

The thickness of steel plate used in the welding procedure qualification test is the minimum hull plate thickness to be used 

during fabrication. 

e) The maximum measured hardness on the completed welding procedure qualification assembly is less than or equal to 350 
HV10. Following fabrication welding, 10 per cent of welds are to be hardness tested in way of heataffected zones at weld 
starts to confirm compliance with the 350 HV10 limit. 


ae 


f) | The heat input used in the welding qualification test is the minimum permitted heat input during fabrication. 

g) Only low hydrogen welding consumables (H5) are used. 

h) In addition to normal non-destructive testing for welds, 10 per cent of the welds are additionally subject to magnetic particle 
inspection 48 hours after welding is complete. 


i) | The welding procedure qualification tests for the repair of welds carried out afloat with water backing are to be carried out on 
test pieces that have previously been welded afloat and also meet the requirements above. 


2.14.2 | For new construction, conversion or permanent repairs, wet underwater welding is not permitted. 


444 Lioyp's REGISTER 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, JULY 2022 


Requirements for Welded Construction Chapter 13 


Section 3 


a Section 3 
Specific requirements for fabricated steel sections 


3.1 Scope 


3.1.1 Fabricated steel sections are items used in place of rolled sections and as such will not be regarded as subassemblies. 
Products regarded as sub-assemblies are subject to requirements of welded construction specified in Ch 13, 2 Specific 
requirements for ship hull structure and machinery. 


3.1.2 The requirements for structural steel sections are based on these being manufactured from flat products by automatic 
welding and intended for use in the construction of ships and other marine structures. 


3.1.3 Fabricated steel sections are to be manufactured in accordance with the requirements of this Section and the general 
requirements of Ch 13, 1 General welding requirements. 


3.1.4 In all cases, sections are to be manufactured at works, which have been assessed and approved in accordance with 
Materials and Qualification Procedures for Ships, Book J, MQPS Procedure 12-7. 

3.2 Dimensions and tolerances 

3.2.1 Products are to conform dimensionally to the provisions of an acceptable National or International Standard. 

3.2.2 The minimum throat thickness of fillet welds is to be determined from: 


Throat thickness = 0,34t but not to be taken as less than 38 mm 


where 


t = plate thickness of the thinner member to be joined (generally the web). 


3.2.3 Where a welding procedure using deep penetration welding is used (see Ch 717 Approval of Welding Consumables, ‘p’ 
and ‘T’ welding techniques) the minimum leg length required will be specially considered provided the requirements of Ch 713, 2.9 
Fillet welds 2.9.2 are complied with. 


3.2.4 Unless agreed otherwise, the leg length of the weld is to be not less than 1,4 times the specified throat thickness. 


3.3 Identification of products 
3.3.1 Every finished item is to be clearly marked by the manufacturer in at least one place with the following particulars: 


a) The manufacturer's name or trade mark. 

b) Identification mark for the grade of steel. 

) — Identification number and/or initials which will enable the full history of the item to be traced. 
d) Where required by the purchaser, the order number or other identification mark. 

) The letters ‘LR’. 

(f) |The Surveyor’s personal stamp. 


The above particulars, but excluding the manufacturer’s name or trade mark where this is embossed on finished products, are to 
be encircled with paint or otherwise marked so as to be easily recognisable. 


3.3.2 In the event of any material bearing LR’s brand failing to comply with the test requirements, the brand is to be removed 
or unmistakably defaced, see also Ch 7, 4.7 Rectification of defective material. 
3.4 Manufacture and workmanship 


3.4.1 For cut edges that are to remain unwelded, it is to be demonstrated that the plate preparation procedures used are able 
to achieve edges that are free from cracks or other deleterious imperfections. 


3.4.2 Where assembly jigs and devices are used to bring the web into contact with the flanges and hold these in place during 
welding, means are to be provided to ensure that the degree of contact is maintained until welding is complete. 


3.4.3 Welding procedures are to be established for the welding of all joints including weld repairs and are to be approved in 
accordance with Ch 12 Welding Qualifications. Welders are to be approved in accordance with Ch 12 Welding Qualifications, and 
qualification records are to be available to the Surveyor. 
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3.4.4 The welding consumables used are to be approved in accordance with Ch 17 Approval of Welding Consumables and 
are to be suitable for the type of joint and grade of steel as described in Ch 13, 2.2 Welding consumables. For joining steel of 
different tensile strengths, the consumables are to be suitable for the tensile strength of the component considered in the 
determination of weld size. 


3.4.5 The application of pre-heat and the use of low hydrogen welding consumables are to be in accordance with the 
requirements of Ch 13, 2.2 Welding consumables. 


3.4.6 Welding is to be double continuous fillet welding or full penetration welding as specified in the approved plans. 


3.4.7 Where deep penetration welding is used, the requirements of Ch 73, 2.9 Fillet welds 2.9.2 are to be complied with. 


3.5 Non-destructive examination 


3.5.1 Surface inspection and verification of dimensions are the responsibility of the manufacturer and are to be carried out on 
all materials prior to despatch. Acceptance by the Surveyor of material later found to be defective does not absolve the 
manufacturer from this responsibility. 


3.5.2 The Surveyor will carry out checks to ensure that the weld size and profile are in accordance with the manufacturing 
specification and the manufacturer’s Quality Control Procedures. 


3.5.3 The manufacturer is to examine the welds by magnetic particle or dye penetrant methods. The length examined is to be 
200 mm at each end, for each length cut for delivery. 


3.5.4 If cracks are revealed, these are to be reported to the Surveyor and the whole of the length is to be examined by 
magnetic particle or dye penetrant methods. Corrective action in respect of the manufacturing process, and repairs are to be as 
indicated in the manufacturers’ Quality Control Manual. 


3.5.5 The weld defect is not to exceed the acceptance levels given in Table 13.2.5 Acceptance criteria for visual testing, 
magnetic particle and liquid penetrant testing. 


3.6 Routine weld tests 


3.6.1 One production batch test is required for every 500 m of fabricated section manufactured, or fraction thereof. From 
each batch test, two samples are to be removed, one from near the beginning of the production run and one from near the end. 
From each of these test samples one macro specimen and one fracture test specimen are to be taken. 


3.6.2 The macro specimens are to be prepared and etched to demonstrate freedom from unacceptable defects and that the 
weld penetration is in accordance with the manufacturing specification. The fracture specimens are to be broken, one for each 
side of the fillet welds and the fractured surfaces examined for compliance with the requirements of Table 13.2.6 Acceptance 
criteria for radiographic testing. 


3.6.3 Where the welding procedure used has employed the deep penetration technique, the amount of root penetration is to 
be measured on the macro specimen and is not to be less than that demonstrated during welding procedure approval testing. 


3.6.4 For the purposes of this Section, a batch is to consist of products of only one size and grade of material. 


3.7 Certification and records 
3.7.1 Each test certificate is to include the following particulars: 


a) Purchaser’s name and order number. 

b) Where known, the contract number for which the material is intended. 

) Address to which material is despatched. 

d) Description and dimensions of the product. 

. Specification or grade of the steel. 

f) Identification number and/or initials. 

g) Cast number and chemical composition of ladle samples of constituent plates. 
h) Mechanical test results of constituent plates. 

Condition of supply when other than as-rolled. 

Make and brand of welding consumables. 


3.7.2 Test certificates or shipping statements may be signed by the Surveyor, provided the documentation requirements of Ch 
13, 1.17 Certification are satisfied. The following form of declaration will be accepted if stamped or printed on each test certificate 
or shipping statement with the name of the works and signed by an authorised representative of the manufacturer: ‘We hereby 
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certify that the material has been made by an approved procedure in accordance with the Rules for the Manufacture, Testing and 
Certification of Materials, July 2022". 


3.7.3 The manufacturer is to maintain records by which sources of material can be identified together with the results of all 
inspections and tests. 


a Section 4 
Specific requirements for fusion welded pressure vessels 


4.1 Scope 


4.1.4 The requirements of this Section apply to fusion welded pressure vessels and process equipment, heating and steam 
raising boilers, and steam or gas turbine rotors and cylinders and are in addition to those requirements referred to in Ch 13, 17 
General welding requirements. 


4.1.2 The allocation of pressure vessel Class is determined from the design criteria in Pt 5, Ch 10 Steam Raising Plant and 
Associated Pressure Vessels and Pt 5, Ch 11 Other Pressure Vessels of the Rules and Regulations for the Classification of Ships, 
July 2022. Prior to commencing construction, the design of the vessel is to be approved. Construction requirements for turbine 
rotors and cylinders are to be in accordance with Class 2/1, unless a higher Class is specified in the approved plans. 


4.1.3 Pressure vessels will be accepted only if manufactured by firms equipped and competent to undertake the quality of 
welding work required for the Class of vessel proposed. The manufacturer’s works are to be approved in accordance with the 
requirements specified in Materials and Qualification Procedures for Ships, Book A, Procedure MQPS 0-4. 


4.1.4 The term ‘fusion weld', for the purpose of these requirements, is applicable to welded joints made by manual, semi- 
automatic, or automatic electric arc welding processes. Special consideration will be given to the proposed use of other fusion 
welding processes. 


4.2 Cutting and forming of shells and heads 
4.2.1 Cut or chipped surfaces which will not be subsequently covered by weld metal are to be ground smooth. 
4.2.2 Shell plates and heads are to be formed to the correct contour up to the extreme edge of the plate. 


4.2.3 Vessels manufactured from carbon or carbon manganese steel plates (see Table 3.4.1 Chemical composition and 
deoxidation practice in Ch 3 Rolled Steel Plates, Strip, Sections and Bars, grades 360AR to 510FG), which have been hot formed 
or locally heated for forming, are to be re-heat treated in accordance with the original supplied condition on completion of this 
operation. Vessels formed from plates supplied in the as-rolled condition are to be heat treated in accordance with the material 
manufacturer’s recommendations. 


4.2.4 Subsequent heat treatment will not be required where steels are supplied in the as-rolled, normalised or normalised and 
controlled rolled condition, or hot forming is carried out entirely at a temperature within the normalising range. 


4.2.5 For alloy steel vessels where hot forming is employed (see Table 3.4.1 Chemical composition and deoxidation practice 
in Ch 3 Rolled Steel Plates, Strio, Sections and Bars, 13Cr Mo 45 etc.), the plates are to be heat treated on completion in 
accordance with the material manufacturer’s recommendations. 


Table 13.4.1 Impact test requirements 


Pressure vessel Class Minimum design Plate material thickness t Impact test temperature 
temperature 


5°C below the minimum 

Class 1 design temperature or 
-10°C or above . . ; 

see Note 20°C, whichever is the 


lower 


5°C below the minimum 


t<20mm : 
design temperature 


10°C below the minimum 
design temperature 


All Classes Below -10°C 20mm <t< 40mm 
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Subject to special 


Over 40 mm F : 
consideration 


Note Impact testing is not required for Classes 2/1, 2/2 and 3. 


4.2.6 Where plates are cold formed, subsequent heat treatment is to be performed where the internal radius is less than 10 
times the plate thickness. For carbon and carbonmanganese steels this heat treatment may be a stress relief heat treatment. 


4.2.7 In all cases where hot forming is employed, and for cold forming to a radius less than 10 times the thickness, the 
manufacturer is required to demonstrate that the forming process and subsequent heat treatments result in acceptable properties. 


4.3 Fitting of shell plates and attachments 


4.3.1 The location of welded joints is to be such as to avoid intersecting butt welds in the vessel shell plates. The attachment 
of nozzles and openings in the vessels are to be arranged to avoid main shell weld seams. 


4.3.2 The surfaces of the plates at the longitudinal or circumferential seams are not to be out of alignment with each other, at 
any point, by more than 10 per cent of the plate thickness. In no case is the misalignment to exceed 3 mm for longitudinal seams, 
or 4 mm for circumferential seams. 


4.3.3 Where a vessel is constructed of plates of different thicknesses (tube plate and wrapper plate), the plates are to be so 
arranged that their centrelines form a continuous circle. 


4.3.4 For longitudinal seams, the thicker plate is to be equally chamfered inside and outside by machining over a 
circumferential distance not less than twice the difference in thickness, so that the plates are of equal thickness at the longitudinal 
weld seam. For the circumferential seam, the thickest plate is to be similarly prepared over the same distance longitudinally. 


4.3.5 For the circumferential seam, where the difference in the thickness is the same throughout the circumference, the thicker 
plate is to be reduced in thickness by machining to a taper for a distance not less than four times the offset, so that the two plates 
are of equal thickness at the weld joint. A parallel portion may be provided between the end of the taper and the weld edge 
preparation; alternatively, if so desired, the width of the weld may be included as part of the smooth taper to the thicker plate. 


4.3.6 All attachments (lugs, brackets, reinforcing plates, etc.) are to conform to the shape of the surface to which they are 
attached. 
4.4 Welding 


4.4.1 Welding procedures are to be established for all welds joining pressure containing parts and for welds made directly 
onto pressure containing parts. Welding procedures are to be based on qualification tests performed in accordance with Ch 12 
Welding Qualifications. 


4.4.2 In all cases where tack welds, in the root of the weld seam, are used to retain plates or parts in position prior to welding, 
they are to be removed in the process of welding the seam. 


4.4.3 Steel backing strips may be used for the circumferential seams of Class 2/1, Class 2/2 and Class 3 pressure vessels 
and are to be the same nominal composition as the plates to be welded. 


4.4.4 Fillet welds are to be made to ensure proper fusion and penetration at the root of the fillet. At least two layers of weld 
metal are to be deposited at each weld affixing branch pipes, flanges and seatings. 


4.4.5 The outer surface of completed welds is to be at least flush with the surface of the plates joined, and any weld 
reinforcement is to provide a smooth transition and gradual change of section with the plate surface. 


4.4.6 Where attachment of lugs, brackets, branches, manhole frames, reinforcement plates and other members are to be 
made to the main pressure shell by welding, this is to be to the same standard as required for the main vessel shell construction. 


4.4.7 The main weld seams and all welded attachments made to pressure containing parts are to be completed prior to post 
weld heat treatment. 


4.4.8 The finish of welds attaching pressure parts and non-pressure parts to the main pressure shell is to be such as to allow 
satisfactory examination of the welds. In the case of Class 1 and Class 2/1 pressure vessels, these welds are to be ground 
smooth, if necessary, to provide a suitable finish for examination. 

4.5 General requirements for routine weld production tests 


4.5.1 Routine weld production tests are specified as a means of monitoring the quality of the welded joints and are required 
for pressure vessel Classes 1, 2/1 and 2/2. 
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4.5.2 Routine production test plates are required during the manufacture of vessels and as part of the initial approval test 
programme for Class 1 vessel manufacturers, refer to MQPS 0-4. 


4.5.3 Routine production weld tests are not required for Class 3 pressure vessels unless there are doubts about the weld 
quality where check tests may be requested by the Surveyor. 


4.5.4 Routine production test plates are not required for circumferential seams of cylindrical pressure vessels. Spherical 
vessels are to have one test plate prepared having a welded joint which is a simulation of the circumferential seams. 


4.5.5 Routine production weld tests may be requested by the Surveyor where there is reason to doubt the quality of 
workmanship. 


4.6 Production test plate assembly requirements 


4.6.1 Two test plates and one complete test assembly, of sufficient dimensions to provide all the required mechanical test 
specimens is to be prepared for each vessel and is to be welded as a continuation and simulation of the longitudinal weld joint. 


4.6.2 For Class 2/2 vessels, where a large number are made concurrently at the same works using the same welding 
procedure and the plate thicknesses do not vary by more than 5 mm, one test may be performed for each 37 m of longitudinal 
plus circumferential weld seam. In these cases the thickness of the test plate is to be equal to the thickest shell plate used in the 
construction. 


4.6.3 Where the vessel size or design results in a small number of longitudinal weld seams, one test assembly may be 
prepared for testing provided that the welding details are the same for each seam. 


4.6.4 Test plate materials are to be the same grade, thickness and supply condition and from the same cast as that of the 
vessel shell. The test assembly is to be welded at the same time as the vessel weld to which it relates and is to be supported so 
that distortion during welding is minimised. 


4.6.5 As far as practicable, welding is to be performed by different welders where there is a requirement for several routine 
tests to be welded. 


4.6.6 The test assembly may be detached from the vessel weld only after the Surveyor has performed a visual examination 
and has added his mark or stamp. Straightening of test welds prior to mechanical testing is not permitted. 


4.6.7 Where the pressure vessel is required to be subjected to post-weld heat treatment, the test weld is to be heat treated, 
after welding, in accordance with the same requirements. This may be performed separately from the vessel. 


4.7 Inspection and testing 


4.7.1 The test weld is to be subjected to the same type of non-destructive examination and acceptance criteria as specified 
for the weld seam to which the test relates. Nondestructive examination is to be performed prior to removing specimens for 
mechanical testing, but after any post-weld heat treatment. 


4.7.2 The test weld is to be sectioned to remove the number and type of test specimens for mechanical testing as given in 
4.8. 


4.8 Mechanical requirements 
4.8.1 The routine production test assembly is to be machined to provide the following test specimens: 


Tensile. 

Bend. 

Hardness. 

Impact (see Table 13.4.1 Impact test requirements). 
Macrograph and hardness survey of full weld section. 
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4.8.2 One set of specimens for mechanical testing are to be removed, as shown in Figure 13.4.1 Routine weld test - Test 
specimens for Class 1 and Class 2/1 or Figure 13.4.2 Routine weld tests - Test specimens for Class 2/2 and Class 3 as 
appropriate for the Class of approval. Impact tests are to be removed and tested where required by Table 13.4.1 Impact test 
requirements. 
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re Fe 
For retests if necessary 


_. Approximately 300 mm, 
to suit testing machine 


All weld metal tensile test specimen. 

Bend test specimens. 

Tensile test for joints. 

Macro-test specimen. 

Charpy V-notch impact. 

(For all Class 1 pressure vessels and other Classes of 
pressure vessels where the minimum design temperature 
is below -10°C). 


Figure 13.4.1 Routine weld test - Test specimens for Class 1 and Class 2/1 
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Gg, of weld 


» Approximately 300 mm 
to suit testing machine 


Figure 13.4.2 Routine weld tests - Test specimens for Class 2/2 and Class 3 


Note 1. Tensile test for joints. 

Note 2. Bend test specimens. 

Note 3. Nicked bend test specimen. 

Note 4. Charpy V-notch impact test specimens (if required by Table 13.4.1 Impact test requirements). 


4.8.3 Longitudinal tensile test for weld metal. An all-weld metal longitudinal tensile test is required. For thicknesses in 
excess of 20 mm, where more than one welding process or type of consumable has been used to complete the joint, additional 
longitudinal tests are required from the respective area of the weld. This does not apply to the welding process or consumables 
used solely to deposit the root weld. Specimens are to be tested in accordance with the following requirements: 


(a) The diameter and gauge length of the test specimen is to be in accordance with Ch 11, 2.1 Dimensions of test specimens 
os el fe 


(b) For carbon and carbon-manganese steels the tensile strength of the weld metal is to be not less than the minimum specified 
for the plate material and not more than 145 N/mm? above this value. The percentage elongation, A, is to be not less than 
that given by: 


A = (980-A)/21,6 but not less than 80 per cent of the minimum elongation specified for the plate 


where 


= Ris the tensile strength, in N/mm, obtained from the all weld metal tensile tests. 
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(c) For other materials the tensile strength and percentage elongation is not to be less than that specified for the base materials 
welded. 


4.8.4 Transverse tensile test for joint. Transverse tensile test specimens are to be removed and tested in accordance with 
the following requirements: 


(a) One reduced section tensile test specimen is to be cut transversely to the weld to the dimensions shown in Ch 177, 2.1 
Dimensions of test specimens 2.1.1 and the weld reinforcement is to be removed. 

(b) In general, where the plate thickness exceeds 30 mm, or where the capacity of the tensile test machine prevents full 
thickness tests, each tensile test may be made up of several reduced section specimens, provided that the whole thickness 
of the weld is subjected to testing. 

(c) The tensile strength obtained is to be not less than the minimum specified tensile strength for the plate material, and the 
location of the fracture is to be reported. 


4.8.5 Transverse bend test. The bend test specimens are to be removed and tested in accordance with the following 
requirements: 


(a) Two bend test specimens of rectangular section are to be cut transversely to the weld, one bent with the outer surface of the 
weld in tension (face bend), and the other with the inner surface in tension (root bend). 

(b) The specimen dimensions are to be in accordance with Ch 2 Testing Procedures for Metallic Materials. 

(c) Each specimen is to be mounted on roller supports with the centre of the weld midway between the supports. The former is 
to have a diameter specified in Ch 12, 2.7 Destructive tests for steel butt welds 2.7.6 depending on the material being 
welded. 

(d) After bending through an angle of at least 180° there is to be no crack or defect exceeding 1,5 mm measured across the 
specimen or 3 mm measured along the specimen. Premature failure at the edges of the specimen is not to be cause for 
rejection, unless this is associated with a weld defect. 


4.8.6 Macro-specimen and hardness survey. A macro examination specimen is to be removed from the test assembly 
near the end where welding started. The specimen is to include the complete cross-section of the weld and the heat affected 
zone. The specimen is to be prepared and examined in accordance with the following requirements: 


(a) The cross-section of the specimen is to be ground, polished and etched to clearly reveal the weld runs, and the heat affected 
zones. 

(b) The specimen is to show an even weld profile that blends smoothly with the base material and have satisfactory penetration 
and fusion, and an absence of significant inclusions or other defects. 

(c) Where there is doubt in the condition of the weld as shown by macro-etching, the area concerned is to be microscopically 
examined. 

(d) For carbon, carbon manganese and low alloy steels, a Vickers hardness survey is to be performed on the macro-specimen 
using either a 5 kg or 10 kg load. Testing is to include the base material, the weld and the heat affected zone. Hardness 
scans on the crosssection are to be performed as specified in Figure 12.2.14 Hardness testing locations for butt welds in 
Chapter 12. The maximum recorded hardness is to not exceed 350 Hv. 


4.8.7 Charpy V-notch impact test. Charpy V notch impact test specimens are to be prepared and tested as required by 
Table 13.4.1 Impact test requirements and in accordance with the following requirements: 


(a) The dimensions and tolerances of the specimens are to be in accordance with Ch 2 Testing Procedures for Metallic 
Materials. 

(b) Charpy V-notch impact specimens and are to be removed with the notch perpendicular to the plate surface. 

(c) Specimens are to be removed for testing from the weld centreline and the heat affected zone (fusion line and fusion line + 2 
mm locations) detailed in Figure 12.2.11 Locations of V-notch for butt weld of normal heat input (heat input < 50 kJ/cm) or 
Figure 12.2.12 Locations of V-notch for butt weld of high heat input (heat input > 50 kJ/cm) in Chapter 12, as appropriate. 
Heat affected zone impact tests may be omitted where the minimum design temperature is above +20°C. 

(d) For thicknesses in excess of 20 mm, where more than one welding process or type of consumable has been used to 
complete the joint, impact tests are required from the respective areas of the weld. This does not apply to the welding 
process or consumables used solely to deposit the root weld. 

(e) The average energy of a set of three specimens is not to be less than 27 J or the minimum specified for the base material, 
whichever is the higher. The minimum energy for each individual specimen is to meet the requirements of Ch 7, 4.5 
Mechanical tests 4.5.2. 


4.8.8 Nick break bend tests. A nick bend or fracture test specimen is to be a minimum of 100 mm long measured along 
the weld direction and is to be tested in accordance with and meet the requirements of the following: 
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The specimen is to have a slot cut into each side along the centreline of the weld and perpendicular to the plate surface. 

The specimen is to be bent along the weld centreline until fracture occurs and the fracture faces are to be examined for 
defects. The weld is to be sound, with no evidence of cracking or lack of fusion or penetration and be substantially free from 
slag inclusions and porosity. 


Ss 


4.9 Failure to meet requirements 


4.9.1 Where any test specimen fails to meet the requirements, additional specimens may be removed and re-tested in 
accordance with Ch 2, 1.4 Re-testing procedures. 


4.9.2 Where a routine weld test fails to meet requirements, the welds to which it relates will be considered as not having met 
the requirements. The reason for the failure is to be established, and the manufacturer is to take such steps as necessary to either 


(a) Remove the affected welds and have them re-welded, or 
(b) Demonstrate that the affected production welds have acceptable properties. 
4.10 Post-weld heat treatment 


4.10.1 Fusion welded pressure vessels, where indicated in Table 13.4.2 Post-weld heat treatment requirements, are to be heat 
treated on completion of the welding of the seams and of all attachments to the shell and ends, and before the hydraulic test is 
carried out. 


Table 13.4.2 Post-weld heat treatment requirements 


Plate thickness above which post-weld heat treatment 


Type of steel (PWHT) is required 


Steam raising plant Other pressure vessels 


Carbon and carbon/ 
manganese steels without 
low temperature impact 
values 


Carbon and carbon/ 
manganese steels with low 
temperature impact values 


1Cr %Mo All thicknesses All thicknesses 


2%Cr 1Mo All thicknesses All thicknesses 


YaCr V2Mo Y4V All thicknesses All thicknesses 


Other alloy steels Subject to special consideration 


4.10.2 Tubes which have been expanded into headers or drums may be seal welded without further post-weld heat treatment. 
4.10.3 Steam and gas turbine cylinders and rotors are to be subjected to post-weld heat treatment irrespective of thickness. 


4.10.4 | Where the weld attaches parts of different thicknesses, the thickness to be used when applying the requirements for 
post-weld heat treatment is to be either the thinner of the two plates for butt welded connections, or the thickness of the shell for 
welds to flanges, tubeplates and similar connections. 


4.10.5 Care is to be exercised to provide drilled holes in double reinforcing plates and other closed spaces prior to heat 
treatment. 
4.11 Basic requirements for post-weld heat treatment of fusion welded pressure vessels 


4.11.4 Recommended soaking temperatures and soak durations for post-weld heat treatment are given in Table 13.4.3 Post- 
weld soak temperatures and times for different materials. Where other materials are used for pressure vessel construction, full 
details of the proposed heat treatment are to be submitted for consideration. 
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Table 13.4.3 Post-weld soak temperatures and times 


Material type Soak temperature Soak period 
(°C) 


Carbon and carbon/ 


580-620° hour per 25 mm of thickness, minimum 1 hour 
manganese grades 


1Cr YezMo 620-660" 1 hour per 25 mm ae minimum of 1 
ur 


2%Cr 1Mo 650-690° 1 hour per 25 mm aon minimum of 1 
ur 


YaCr YaMo V4V 670-720° 1 hour per 25 mm of thickness, minimum of 1 
hour 


Note For materials supplied in the tempered condition, the post-weld heat treatment temperature is 
to be lower than the material tempering temperature. 


4.11.2. Where pressure vessels are of dimensions that the whole length cannot be accommodated in the furnace at one time, 
the pressure vessels may be heated in sections, provided that sufficient overlap is allowed to ensure the heat treatment of the 
entire length of the longitudinal seam. 


4.11.3. Where materials other than those detailed in Table 13.4.3 Post-weld soak temperatures and times are used or where it 
is proposed to adopt special methods of heat treatment, full particulars are to be submitted for consideration. In such cases, it 
may be necessary to carry out tests to show the effect of the proposed heat treatment. 


4.12 Non-Destructive Examination of welds 


4.12.1 Non-Destructive Examinations (NDE) of pressure vessel welds are to be carried out in accordance with the general NDE 
requirements as per Ch 7, 5.7 General NDE requirements of the Rules for the Manufacture, Testing and Certification of Materials, 
July 2022. 


4.12.2 | NDEis not to be applied until an interval of at least 48 hours has elapsed since the completion of welding. 


4.13 Extent of NDE for Class 1 pressure vessels 


4.13.1 All butt welded seams in drums, shells, headers and test plates, together with tubes or nozzles with outside diameter 
greater than 170 mm, are subject to 100 per cent volumetric and surface crack detection inspections. 


4.13.2 For circumferential butt welds in extruded connections, tubes, headers and other tubular parts with an outside diameter 
of 170 mm or less, at least 10 per cent of the total number of welds is to be subjected to volumetric examination and surface 
crack detection inspections. 


4.13.3 Full penetration tube sheet to shell welds are to be subjected to 10 per cent volumetric examination and 10 per cent 
surface inspection, prior to the installation of the tubes. 


4.13.4 — In addition to the acceptance limits stated in Table 13.2.5 Acceptance criteria for visual testing, magnetic particle and 
liquid penetrant testing to Table 13.2.7 Acceptance criteria for ultrasonic and phased array testing, no cracks, lack of fusion, or 
lack of penetration is permitted. 


4.13.5 | When an unacceptable indication is detected, the full length of the weld is to be subjected to 100 per cent examination 
by the same method, testing conditions and acceptance criteria. 


4.13.6 | The NDE requirements of Ch 13, 1.17 Non-destructive examination of welds are to be complied with. 


4.14 Extent of NDE for Class 2/1 pressure vessels 


4.14.1 For Class 2/1 pressure vessels, volumetric and surface crack detection inspections are to be applied at selected regions 
of each main seam. At least 10 per cent of each main seam is to be examined together with the full length of each welded test 
plate. When an unacceptable indication is detected, at least two additional check points in the seam are to be selected by the 
surveyor for examination using the same inspection method. Where further unacceptable defects are found either: 


(a) the whole length of weld represented is to be cut out and re-welded and re-examined as if it was a new weld with the test 
plates being similarly treated, or 
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(b) the whole length of the weld represented is to be reexamined using the same inspection methods. 


4.14.2 Butt welds in furnaces, combustion chambers and other pressure parts for fired pressure vessels under external 
pressure, are to be subject to spot volumetric examination. The minimum length for each check point is to be 300 mm. 


4.14.3. The extent of NDE for turbine cylinders and rotors is to be agreed with the Surveyor. 


4.14.4 The requirements of Ch 13, 4.13 Extent of NDE for Class 7 pressure vessels 4.13.3, Ch 13, 4.13 Extent of NDE for 
Class 71 pressure vessels 4.13.4 and Ch 13, 4.13 Extent of NDE for Class 1 pressure vessels 4.13.5 apply to Class 2/1 pressure 
vessels. 


4.15 NDE Method 


4.15.1. Volumetric examinations may be made by radiographic or ultrasonic testing, including ANDE methods, and all applicable 
thickness ranges appropriate to the method, as described in Ch 13, 2.12 Non-destructive examination of steel welds. The 
preferred method for surface crack detection in ferrous metals is magnetic particle inspection. The preferred method for 
nonmagnetic materials is liquid penetrant inspection. 


4.16 Evaluation and reports 


4.16.1 The manufacturer is to be responsible for the review, interpretation, evaluation and acceptance of the results of NDE. 
Reports stating compliance, or non-compliance, with the criteria established in the inspection procedure are to be issued. Reports 
are to comply, as a minimum, with the requirements of Ch 1, 5 Non-destructive examination. 


4.17 Repair to welds 


4.17.1 Where non-destructive examinations reveal unacceptable defects in the welded seams, they are to be repaired in 
accordance with Ch 13, 1.15 Rectification of welds defects and are to be shown by further non-destructive examinations to have 
been eliminated. 


4.17.2. In the case where spot radiography has revealed unacceptable defects, the requirements of Ch 13, 4.74 Extent of NDE 
for Class 2/1 pressure vessels 4.14.1 apply. 


4.17.3 Where post-weld heat treatment is required in accordance with Ch 13, 4.10 Post-weld heat treatment, weld repairs to 
the vessel or cylindrical shell or parts attaching to the shell are to be subjected to a subsequent heat treatment in accordance with 
Ch 13, 4.10 Post-weld heat treatment. 


4.17.4 In the event of unsuccessful weld repair of a defect, only one more repair attempt may be made of the same defect. Any 
subsequent repairs may require the re-repair excavation to be enlarged to remove the original repair heat affected zone. 


a Section 5 
Specific requirements for pressure piping 


5.1 Scope 


5.1.1 Fabrication of piping is to be carried out in accordance with the requirements of this Section and the general 
requirements given in Ch 73, 1 General welding requirements, unless more stringent requirements have been specified. 


5.1.2 Piping systems are to be constructed in accordance with the approved plans and specifications. 

5.1.3 Fabricated piping will be accepted only if manufactured by firms that have demonstrated that they have the facilities and 
equipment and are competent to undertake the quality of welding required for the Class of pipework proposed. 

5.2 Manufacture and workmanship 


5.2.1 Pipe welding may be performed using manual, semi-automatic or fully automatic electric arc processes. The use of oxy- 
acetylene welding will be limited to Class 3 piping in carbon steel or carbon/manganese material that is not for carrying flammable 
fluids and limited to butt joints in pipes not exceeding 100 mm diameter or 9,5 mm thickness. 


5.2.2 Welding of piping, including attachment welds directly to pressure retaining parts is to be performed in accordance with 
approved welding procedures that have been qualified in accordance with Ch 12 Welding Qualifications. 


5.2.3 Where the work involves a significant number of branch connections, tests will be required to demonstrate that the type 
of joint(s) and welding techniques employed are capable of achieving the required quality. 
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5.2.4 Where pressure piping is assembled and butt welded in situ, the piping is to be arranged well clear of adjacent 
structures to allow sufficient access for preheating, welding, heat-treatment and non-destructive examination of the joints. 


5.2.5 Alignment of pipe butt welds is to be in accordance with Table 13.5.1 Pipe butt weld alignment tolerances unless more 
stringent requirements have been agreed. Where fusible inserts are used, the alignment is to be within 0,5 mm in all cases. 


Table 13.5.1 Pipe butt weld alignment tolerances 


Pipe size Maximum permitted 
misalignment 


D<150mm andt<6mm | 1,0 mm or 25% of t, 
whichever is the lesser 


D< 300 mm andt<9,5 1,5 mm or 25% of t, 
mm whichever is the lesser 


D> 300 andt>9,5 mm 2,0 mm or 25% of t, 
whichever is the lesser 


where 
D = pipe internal diameter 


it = pipe wall thickness 


5.2.6 The number of welds is to be kept to a minimum. The minimum separation between welds, measured toe-to-toe, is to 
be not be less than 75 mm. Where it is not possible to achieve this, adjacent welds are to be subjected to surface crack detection 
NDE. 


5.2.7 Welding consumables and fusible root inserts, where used, are to be suitable for the materials being joined. 


5.2.8 Acceptable methods of flange attachment are to be used, see Figure 12.2.2 Typical welded-on flanges in Pt 5, Ch 12 
Piping Design Requirementsof the Rules for Ships. Where backing rings are used with flange type (a) they are to fit closely to the 
bore of the pipe and be removed after welding. The rings are to be made of the same material as the pipes. The use of flange 
types (6) and (c) with alloy steel pipes is limited to pipes up to and including 168,3 mm outside diameter. 


5.2.9 Where socket welded fittings are employed, the diametrical clearance between the outside diameter of the pipe and the 
base of the fitting is not to exceed 0,8 mm, and a gap of approximately 1,5 mm is to be provided between the end of the pipe and 
the internal step at the bottom of the socket. 


5.2.10 For welding of carbon, carbon/manganese and low alloy steels, the preheat to be applied will be dependent on the 
material grade, thickness and hydrogen grading of the welding consumable in accordance with Table 13.5.2 Welding preheat 
levels for piping, unless welding procedure testing indicates that a higher level is required. 


Table 13.5.2 Welding preheat levels for piping 


Thickness,t (mm) see Note Minimum preheat temperature (°C) See Note 1 


Material Grade 
Non-low H» Low Hp see Note 2 


Carbon and carbon/ 
manganese grades: 


50 10 


320 and 360 > 50 


Carbon and carbon/ 20 
manganese grades: = 


410, 460 and 490 


1Cr Y2Mo 


See Note 3 
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2%Cr 1Mo 150 
See Note 3 
200 


YeCr YeMo V4V 150 
See Note 3 
200 


Note 1. Where the ambient temperature is 0°C or below, pre-warming of the weld joint is required in all cases. 


Note 2. Low hydrogen process or consumables are those that have been tested and have achieved a grading of 
H15 or better (see Ch 17 Approval of Welding Consumables). 


Note 3. Low hydrogen welding process is required for these materials. 


Note 4. t = the thickness of the thinner member for butt welds, and the thicker member for fillet and branch welds. 


5.2.11 Welding without filler metal is generally not permitted for welding of duplex stainless steel materials. 


5.2.12 All welds in high pressure, high temperature pipelines are to have a smooth surface finish and even contour; and where 
necessary, made smooth by grinding. 


5.2.13 Check tests of the quality of the welding are to be carried out periodically. 


5.3 Heat treatment after bending of pipes 


5.3.1 After forming or bending of pipes, the heat treatments specified in this Section are to be applied unless the pipe material 
manufacturer specifies or recommends other requirements. 


5.3.2 Generally, hot forming is to be carried out within the normalising temperature range. When carried out within this 
temperature range, no subsequent heat treatment is required for carbon and carbon/manganese steels. For alloy steels, 1Cr 
YaMo, 2%Cr 1Mo and ¥%Cr Y2Mo %V, a subsequent stress relieving heat treatment in accordance with Ch 13, 1.16 Post-weld heat 
treatment at the temperatures and times specified in Table 13.5.4 Post-weld heat treatment requirements for piping is required, 
irrespective of material thickness. 


Table 13.5.3 Heat treatment after bending of pipes 


Type of steel Heat treatment required 


Carbon and carbon/ Normalise at 880 to 
manganese: 940°C 

Grades 320, 360, 410, 460 
and 490 


1Cr %Mo Normalise at 900 to 
940°C, followed by 
tempering at 640 to 
720°C 


2¥%4Cr 1Mo Normalise at 900 to 
960°C, followed by 
tempering at 650 to 
780°C 


YeCr Yao “AV Normalise at 930 to 
980°C, followed by 
tempering at 670 to 
720°C 


Other alloy steels Subject to special 
consideration 


5.3.3 When hot forming is performed outside the normalising temperature range, a subsequent heat treatment in accordance 
with Table 13.5.3 Heat treatment after bending of pipes is required. 
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5.3.4 After cold forming to a radius (measured at the centreline of the pipe) of less than four times the outside diameter, heat 
treatment in accordance with Table 13.5.3 Heat treatment after bending of pipes is required. 


5.3.5 Bending procedures and subsequent heat treatment for other alloy steels will be subject to special consideration. 


5.4 Post-weld heat treatment 


5.4.1 Post-weld heat treatment is to be carried out in accordance with the general requirements specified in Ch 13, 7.16 
Post-weld heat treatment and Ch 13, 4.10 Post-weld heat treatment. 


5.4.2 The thickness limits, the recommended soaking temperatures and periods, for application of post-weld heat treatment 
are given in Table 13.5.4 Post-weld heat treatment requirements for piping. 


Table 13.5.4 Post-weld heat treatment requirements for piping 


Material Grade Thickness for which post- | Soak temperature (°C) see Soak period 
weld heat treatment is Note 2 
required 


Carbon and carbon/ 1 hour per 25 mm of 
des: 320, thick , 320, 360, 410, 

manganese grades: 3 eer Gori 580-620°C ickness as 60, 410 

360, 410, 460, 490 460, 490 minimum of 1 


hour 


1Cr %Mo 1 hour per 25 mm of 
Over 8 mm 620-660°C thickness, minimum of 1 
hour 


2%Cr 1Mo 1 hour per 25 mm of 
650-690°C thickness, minimum of 1 
hour 


YaCr V2Mo “AV 1 hour per 25 mm of 
All, see Note 1 670-720°C thickness, minimum of 1 
hour 


Note 1. Heat treatment may be omitted for thicknesses up to 8 mm and diameters not exceeding 100mm and 
minimum service temperature 450°C provided that welding procedure tests have demonstrated acceptable 
properties in the as welded condition. 


Note 2. For materials supplied in the tempered condition, the post weld heat treatment temperature is to be at 
least 20°C less than the material tempering temperature. 


5.4.3 Where the use of oxy-acetylene welding is proposed, due consideration is to be given to the need for normalising and 
tempering after such welding. 


5.5 Non-destructive examination 


5.5.1 Non-destructive examination of pipe welds is to be carried out in accordance with the general requirements of Ch 73, 
1.11 Non-destructive examination of welds and the following. 


5.5.2 Butt welds in Class 1 pipes with an outside diameter greater or equal to 75 mm are to be subject to 100 per cent 
volumetric and visual inspections. Consideration is to be given to the extent and method of testing applied to butt welds in Class 1 
pipes with an outside diameter less than 75 mm. 


5.5.3 Butt welds in Class II pipes are to be subjected to at least 10 per cent random volumetric inspections when the outside 
diameter is 100 mm and greater. 


5.5.4 NDE for Class II pipes with a diameter less than 100 mm is to be at the discretion of the Surveyor. 


5.5.5 Non-destructive examination procedures, methods and the evaluation of reports are to be in accordance with Ch 73, 
4.15 NDE Method and Ch 13, 4.16 Evaluation and reports. 


5.5.6 Fillet welds on flange pipe connections of Class | pipes are to be examined by surface crack detection methods. 


5.5.7 Weld acceptance criteria shall be in accordance with Ch 73, 4.13 Extent of NDE for Class 7 pressure vessels. 
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5.6 Repairs to pipe welds 

5.6.1 Where non-destructive examinations reveal unacceptable defects in a weld, the defects are to be removed and repaired 


in accordance with Ch 13, 1.15 Rectification of welds defects. Completed repairs are to be shown by further non-destructive 
examination to have eliminated the defects. 


5.6.2 For pipes with diameter less than 88 mm and where unacceptable defects have been found during nondestructive 
examination, consideration is to be given to cutting the weld out completely, re-making the weld preparation and re-welding as a 
new joint (because of the difficulty of making small repairs). 


5.6.3 Where repeated weld repairs have to be made to a weld, only two such attempts are to be permitted, thereafter the 
weld is to be cut apart and removed, and re-welded as a new joint. 


5.6.4 Where piping requires post-weld heat treatment weld, repairs to the pressure retaining parts are to be subjected to a 
subsequent heat treatment. Similarly, where welding is conducted after pressure testing, a further pressure test is to be required 
unless specific exemption has been agreed. 


a Section 6 
Repair of existing ships by welding 


6.1 Scope 


6.1.1 This Section specifies requirements for repairs made by welding after introduction into service. This Section includes 
defects to hull structures, machinery, equipment and components. It also includes replacement of structure due to damage or 
corrosion. These requirements are in addition to those specified in the preceding Sections of this Chapter. 


6.1.2 These requirements apply unless the original builder or manufacturer has specified alternative requirements. 


6.2 Materials used for repairs 
6.2.1 Permanent materials used in the repair are to be in accordance with Ch 73, 71.3 Materials. 


6.2.2 Prior to commencing any welding, the material grades present in the original structure in way of the repair are to be 
determined. Where the materials cannot be identified from the ship records, test samples may be removed for chemical analysis 
and mechanical testing in order to determine the material grades. 


6.2.3 Temporary materials that are to be welded to the main structure to assist in executing the repairs, but removed on 
completion, are to be of weldable quality. 
6.3 Workmanship 


6.3.1 A repair method is to be established by the shipyard or repair yard and is to be agreed by the Surveyor prior to 
commencing any repair work. 


6.3.2 The removal of crack-like defects is to be confirmed by visual examination and surface crack detection NDE. This may 
be augmented by ultrasonic examination where several defects are reported at different depths at the same location. 


6.3.3 The weld joint or groove shape used for the repair is to have a profile suitable for welding. 

6.3.4 The weld area is to be carefully cleaned, in particular, where the material surface has been painted or has been 
subjected to an oily or greasy environment. 

6.4 Non-destructive examination 


6.4.1 On completion of welding and any post-weld heat treatment, repair welds are to be subjected to the type and extent of 
NDE and assessed in accordance with the acceptance criteria specified for the original construction. 


6.4.2 Where the original construction specification did not specify NDE, the completed welds are to be, as a minimum, 
subject to visual examination. Consideration of other NDE techniques is to take due cognisance of the location or the repair within 
the vessel. 


6.4.3 Where spot NDE is applied and defects are found, the extent of NDE is to be increased to include an equal amount of 
weld length. Where this reveals unacceptable defects, either the whole weld will be rejected or the extent of inspection increased 
to 100 per cent examination. 
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6.4.4 The acceptance criteria to be applied are to generally be in accordance with the original build specification. Where 
conflict of requirements exist, the NDE acceptance limits for welding procedure tests specified in Ch 12, 2.5 Non-destructive 
examination (NDE) 2.5.5 may be used as a minimum requirement. 


6.5 Repairs to welds defects 


6.5.1 Where NDE reveals unacceptable defects, these are to be repaired in accordance with Ch 13, 1.15 Rectification of 
welds defects. 


4 Section 7 
Austenitic and duplex stainless steel —- Specific requirements 


7.1 Scope 


7.144 This Section specifies requirements for the fabrication and welding of austenitic and duplex stainless steels, and is in 
addition to those detailed above. 


7.1.2 Fabrication and welding of these materials is to be in designated areas which are separated from those used for other 
materials, such as carbon steels and copper alloys. Where work is performed in the same workshop as other materials, adequate 
barriers or screening are to be provided to prevent cross-contamination of different material types. 


7.1.8 All tools and equipment used are to be suitable for use on stainless steel materials. The use of tools or equipment made 
of carbon steel materials is to be avoided. It is permissible to use carbon steel tools provided that the surfaces that come into 
contact with the austenitic and duplex stainless materials are protected with an austenitic or nickel base alloy. 


7.2 Design 


7.2.1 Care is to be exercised in the weld design to prevent crevice corrosion from occurring, particularly where austenitic 
materials are used. In this respect fillet welds and partial penetration welds are to be continuous and welded on both sides of the 
joint. 


7.3 Forming and bending 


7.3.1 Materials that are cold formed, such that the total strain exceeds 15 per cent (i.e. where the formed diameter to 
thickness ratio is less than 6:1) are to be subjected to a subsequent softening heat treatment in accordance with the material 
manufacturers recommendations, unless it is demonstrated by testing that the material properties are acceptable in the ‘as 
formed’ condition. 


7.3.2 Materials may be hot formed provided that a subsequent softening heat treatment is carried out. The forming process 
and the subsequent heat treatment are to be in accordance with the material manufacturer’s recommendations. 
7.4 Fabrication and welding 


7.41 Welding may be performed using shielded manual arc welding (GMAW), gas tungsten arc welding (GTAW), MIG/MAG 
welding (GMAW), flux cored arc welding (FCAW), plasma arc welding (PAW) and submerged arc welding (SAW). The use of other 
welding processes will be subject to special consideration and will require submission of the process details, consumables and the 
weld properties achieved. 


7.4.2 Misalignment may be corrected by the application of steady even force (e.g. using hydraulic or screw-type clamps). 
Hammering or heating is not permitted. 


7.4.3 For full penetration welds, a backing or shielding gas is to be provided to prevent oxidation of the root weld. The 
backing gas is to be maintained until completion of, at least, the root and first fill layer. The backing gas may be omitted where the 
weld is back gouged or ground to remove the root weld. 


7.4.4 Shielding and backing gases are to be an inert type of high purity and oxygen free. 
7.4.5 For welding of Duplex stainless, the use of backing gases that contain up to 2 per cent nitrogen is permitted. 
7.4.6 Welding of duplex stainless steels without filler metal is generally not permitted. 


TAT Degreasing agents, acid solutions, washing water etc. used for cleaning and any marking crayons and paints used are 
to be free of chlorides. 
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7.5 Repairs 

Dsl Correction of distortion by the application of heat is not permitted. 


a Section 8 
Specific requirements for welded aluminium 


8.1 Scope 


8.1.1 This Section specifies requirements for the fabrication and welding of aluminium alloys, and is in addition to those 
detailed in this Chapter. 


8.1.2 Fabrication and welding of these materials is to be in designated areas which are separated from those used for other 
materials, such as carbon steels, stainless steels and copper alloys. Where work is performed in the same workshop as other 
materials, adequate barriers or screening are to be provided to prevent cross-contamination of different material types. 


8.1.3 All tools and equipment used are to be suitable for use on aluminium alloy materials. The use of tools made of carbon 
steel materials is to be avoided where possible. 


8.2 Forming and bending 
8.2.1 Aluminium alloys are to be subject to cold forming and cold bending only. 
8.3 Fabrication and welding 


8.3.1 Welding may be performed using gas tungsten arc welding (GTAW) or metal inert gas welding (GMAW), MIG/MAG 
welding (GMAW), or variants thereof. The use of other welding processes such as friction stir welding (FSW) will be subject to 
special consideration and will require submission of the process details, consumables and the weld properties achieved. 


8.3.2 A comparison of the mechanical properties for selected welded and unwelded alloys is given in Table 13.8.1 Minimum 
mechanical properties for aluminium alloys. 


Table 13.8.1 Minimum mechanical properties for aluminium alloys 


Condition 0,2% proof stress, N/mm? Ultimate tensile strength, N/mm? 


Unwelded Welded Unwelded Welded 


(see Note 4) (see Note 4) 


O/H111 125 275 


H112 125 275 


H116/H321 125 275 


O/H111 145 290 


H116/H321 145 290 


240 


125 250 


(see Note 2) (see Note 2) 


H116/H321 195 275 


O/H111 160 330 


H116/H321 260 360 


O 125 285 
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290 
200 


‘see Note 5 
( ) (see Note 5) 


215 305 


(see Note 5) (see Note 5) 


5754 O/H111 80 190 


6005A T5/T6 ~~ Extruded: Open 
Profile 


260 


(see Note 1) Extruded: Closed 
Profile 


250 


6061 Rolled 290 


(see Note 1) Extruded 
Profile 


260 


Extruded 


Profile 


Rolled 


Extruded 
Profile 


Extruded 
Profile 


Note 1. These alloys are not normally acceptable for application in direct contact with sea-water. 


Note 2. See also Table 8.1.3 Minimum mechanical properties for acceptance purposes of selected rolled aluminium alloy products or Table 8.1.4 
Minimum mechanical properties for acceptance purposes of selected extruded aluminium alloy products in Chapter 8. 


Note 3. The mechanical properties to be used to determine scantlings in other types and grades of aluminium alloy manufactured to National or 
proprietary Standards and specifications are to be individually agreed with LR, see also Ch 8, 1.1 Scope 1.7.5. 


Note 4. Where detail structural analysis is carried out, ’unwelded’ stress values may be used away from heat affected zones and weld lines, see 
also Pt 3, Ch 2, 1.3 Aluminium 1.3.3 of the Rules for Ships. 


Note 5. For thickness less than 12,5 mm, the minimum unwelded 0,2% proof stress is to be taken as 230 N/mm? and the minimum tensile strength 
is to be taken as 315 N/mm?. 


8.3.3 Misalignment may be corrected by the application of steady even force (e.g. using hydraulic or screw-type clamps). 
Hammering or heating is not permitted. 


8.3.4 Correction of distortion by the application of heat is not permitted. 


8.4 Non-destructive examination 


8.4.1 The requirements of Ch 73, 7.11 Non-destructive examination of welds and Ch 13, 2.12 Non-destructive examination of 
steel welds apply with the following additional provisions; 


(a) For full penetration butt welds, advanced NDE (ANDE) methods may be used in lieu of (or complementary to) existing 
radiographic film testing methods. These methods may additionally be used on other weld configurations, with some 
limitations, as specified in Table 13.8.4 Applicable methods for the testing of aluminium weld joints. 

(b) The acceptance criteria for surface imperfections of aluminium welds are to be in accordance with Table 13.8.3 Radiographic 
acceptance criteria for internal imperfections of aluminium. 

(c) The acceptance criteria for internal imperfections of aluminium welds using RT and RT-D methods are to be in accordance 
with Table 13.8.3 Radiographic acceptance criteria for internal imperfections of aluminium. 

(d) The acceptance criteria for internal imperfections of aluminium welds using PAUT (based on length and amplitude) are to be 
in accordance with Table 13.2.7 Acceptance criteria for ultrasonic and phased array testing. 


462 Lioyp's REGISTER 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, JULY 2022 


Requirements for Welded Construction Chapter 13 


Section 8 


(e) The acceptance criteria for internal imperfections of aluminium welds using TOFD are to be in accordance with Table 13.2.8 
Acceptance criteria for TOFD testing1. 


(f) | Other acceptance standards may be used upon agreement with LR. 


Table 13.8.2 Acceptance criteria for surface imperfections of aluminium 


Surface discontinuity Classification according to Acceptance criteria 
ISO 6520-1 


Crack 100 Not permitted 
Lack of fusion 401 Not permitted 


Incomplete root penetration in butt joints 4021 Not permitted 
welded from one side 


Surface pore 2017 d <0,3s or 0,3a or 1,5 mm (whichever is the 
lesser) 


Linear porosity (see Note 1) 2014 Not permitted 
Uniformly distributed porosity (see Note 2) 2018 < 1% of area 
Clustered porosity 2013 Not permitted 


Continuous undercut 5011 h <0,1t or 0,5 mm (whichever is the lesser) 


ntermittent undercut 5012 h <0,1t or 1,0 mm (whichever is the lesser) 


Excess weld metal (see Note 3) 502 h<1,5 mm + 0,156 or 8 mm (whichever is 
the lesser) 


Excess penetration 504 h<4mm 


Root concavity (see Note 3) 515 h <0,1t or 1 mm (whichever is the lesser) 


Linear misalignment (see Notes 4 and 5) 507 h <0,1t or 1,0 mm (whichever is the lesser) 


Angular misalignment 508 (see Note 6) 


Symbols 


nominal throat thickness of a fillet weld 
width of weld reinforcement 

diameter of a gas pore 

height or width of an imperfection 
nominal butt weld thickness 


wall or plate thickness (nominal size) 


Note 1. For these acceptance criteria, linear porosity is to be considered as three aligned gas pores in a length of 25 mm. 
Note 2. To be in accordance with EN ISO 10042. 
Note 3. A smooth transition is required. 


Note 4. Linear misalignment is to be a maximum of 0,5 mm in highly stressed areas. For other areas, the linear misalignment is to be a 
maximum of 1,0 mm locally, where the sum of the length of imperfection is not more than 10% of the weld length. 


Note 5. The limits for linear misalignment relate to deviations from the correct position. Unless otherwise specified, the correct position is that 
when the centrelines coincide. 


Note 6. Angular misalignment shall be mutually agreed between the designer and the fabricator. 
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Table 13.8.3 Radiographic acceptance criteria for internal imperfections of aluminium 


Internal discontinuity Classification according to ISO 6520-1 Acceptance criteria (see Notes 1 & 2) 


Crack 100 Not permitted 
Lack of fusion 401 Not permitted 
Incomplete penetration Not permitted 


Gas pores d <0,3s or 0,3 a or 5 mm max (whichever is 
the lesser) 


Linear porosity Assess as lack of fusion 


Uniformly distributed porosity (see Note 3) 0,5<t<3mm< 2% of areal = 100 mm 
38<t<12mm< 4% of areal = 100 mm 

12 <t<30mm< 6% of areal = 100 mm 
t> 30mm < 8% of area L = 100 mm 


Clustered (localised) porosity (see Note 3) da S 20 mm or da Max < Wp (whichever is 
the lesser) 


Elongated cavity and wormholes (see Note /<0,3 s or 4mm max (whichever is the 
3) lesser) 


Oxide inclusion /<0,5 s or 5mm max (whichever is the 
lesser) 


Tungsten inclusion !<0,3 s or 4mm max (whichever is the 
lesser) 


Copper inclusion Not permitted 


Symbols 


d = diameter of a gas pore 
= nominal butt weld thickness 
it = material thickness 
Ww, = width of weld 
d » = diameter of area surrounding gas pores 
= length of imperfection in longitudinal direction of weld 


= any 100 mm testing length, in (millimetres) 


Note 7. Any two adjacent imperfections separated by a distance smaller than the major dimension of the smaller imperfection shall be 
considered as a single imperfection. 


Note 2. Indications shall not be divided into different ranges L. 


Note 3. Further guidance regarding determination of porosity areas and summation of acceptable areas may be referenced within the 
informative annexes of ISO 10675-2. 


Table 13.8.4 Applicable methods for the testing of aluminium weld joints 


Applicable volumetric NDE test methods 


Materials and weld joints Parent material thickness 
(see Notes 1 & 2) 


Aluminium butt welds with full penetration Thickness < 6 mm RT, RT-D 


Thickness > 6 mm RT, RT-D, PAUT, TOFD 
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Aluminium tee joints and corner joints with Thickness > 6 mm RT, RT-D, PAUT (see Note 3) 
full penetration 


Aluminium cruciform joints with full Thickness > 6 mm PAUT 
penetration 


Note 7. The method abbreviations are defined in the appropriate sections of Ch 1, 5 Non-destructive examination. 


Note 2. Ultrasonic testing may be specially considered upon agreement with LR. 


Note 3. RT and RT-D may be applied; however, it is noted that for these configurations, there may be limitations. 


8.4.2 Alternative NDE acceptance criteria will be subject to special consideration provided that they are equivalent to these 
requirements. 


a Section 9 
Friction stir welding requirements for aluminium alloys 


9.1 Scope 


9.1.1 The requirements of this Section apply to the application of FSW during construction. 
9.1.2 Prior to welding, the friction stir welding equipment is to have been demonstrated as being suitable for use. 


9.1.3 Qualified welding procedures that have been approved by LR are required. Procedures to ISO 25239-4 that are 
endorsed by another Classification Society may be accepted if they are to the satisfaction of the attending Surveyor. 


9.1.4 Welding operators are to be qualified to ISO 25239-3 standard. Where qualifications have been certified by another 
Classification Society, acceptance of the qualifications will be subject to document review and demonstration of knowledge of the 
FSW process and function of the FSW installation. 


9.2 Production quality control 
9.2.1 The general requirements for quality control are specified in ISO 25239-5. 
9.2.2 Unless otherwise specified in relevant parts of the Rules, the following production tests will be required. 


9.2.3 A production test is required when there is a change in procedure, a change in tooling, after equipment repairs or 
modifications, after deviation from optimum parameters are detected, when defects are identified by non-destructive testing, after 
continuous welding of every 100 m length during a single shift and with a maximum interval between procedure tests of 8 hours. 
For butt welds the production tests are to consist of 100 per cent visual examination, two face bend tests, two root bend tests 
and one macro section. For thicknesses exceeding 12 mm, sets of face and bend tests may be replaced by side bend tests. For 
test assembly, see Figure 13.9.1 Production test assembly for Friction Stir Welds. The production tests for other joint geometry are 
to be agreed between the Surveyor and the fabricator. 
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Discard 


Discard 


| 200 mm | 


Figure 13.9.1 Production test assembly for Friction Stir Welds 


9.2.4 As an automated process, all essential variables are to be recorded by the FSW system. The welding operator is 
responsible for ensuring that the system continues to produce welds that are in compliance with the qualified procedure. 
Surveyors are to be informed when the system exceeds the operating parameters. Surveyors are periodically to review the welding 
records. 
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9.2.5 Production welds are to be subject to 100 per cent visual examination by the fabricator and be subject to random 
checking by the Surveyor. 


9.2.6 Surface and volumetric NDE testing is to be conducted on production welds at a frequency of two per welded panel or 
one every 100 m of weld, whichever is the greater. 


9.2.7 Assessment of imperfections is to be in accordance with ISO 25239-5 Annex A and the requirements of Table 13.8.3 
Radiographic acceptance criteria for internal imperfections of aluminium. 


9.3 Repair 
9.3.1 All defective welds are to be reported to the Surveyor. 
9.3.2 The manufacturer is to have an approved procedure for the repair of defective welds. 


9.3.3 Weld repairs are to be conducted by qualified welders or welding operators in accordance with qualified weld 
procedures. Welding procedures and welders/operators are to be qualified in accordance with the requirements of Ch 12 Welding 
Qualifications as appropriate to the welding process used for the weld repair. 


9.3.4 All repairs are to be subject to 100 per cent visual, surface and volumetric NDE. 


a Section 10 
Requirements for welded construction for high strength steel for special marine 
applications 


10.1 Goal-based framework 


10.1.1 The purpose of this Section is to present a goal-based approach to the requirements for high strength steels for special 
marine applications, not covered elsewhere in the Rules for the Manufacture, Testing and Certification of Materials, July 2022. 
Whilst the primary intent of the application of the requirements for welded construction listed herein is for pressure vessels/ 
submersible craft intended for human occupancy, use and application of this material for other constructions may be specially 
considered within the scope of the goal-based framework. 


10.1.2 The goals, functional requirements and performance requirements listed herein relate to the requirements for fabrication 
and welding during construction. 


10.1.3. In addition to this goal-based framework, the relevant requirements of the Rules for the Manufacture, Testing and 
Certification of Materials, July 2022 are to be complied with for certification. In order to satisfy the goal-based framework in this 
Chapter, it is necessary to comply with the other applicable Rules related to materials, manufacture, testing, survey and 
classification. 


10.1.4 The list of goals is as follows: 


(a) The welded constructions shall withstand the applied design loads and have the integrity to minimise the risk of loss of the 
structure due to failure. 

(bo) The welded constructions for components, products and systems shall minimise the hazard to persons, assets or 
environment in any foreseeable operating conditions. 

10.1.5 — The list of functional requirements (FR) is as follows: 


(a) Welded constructions shall be manufactured and finished so as to provide assurance that the appropriate quality and 
mechanical property requirements are achieved. 
10.1.6 — The list of performance requirements (PR) is as follows: 


(a) Welded constructions shall comply with the specified quality requirements and testing regime. 

(bo) Weld properties are to consistently meet the requirements shown in Table 13.10.71 Mechanical property acceptance 
requirements for consumable batch tests for consumable grade and applicable Material Class Special Application 1 and 2, 
where batch testing is required by the project: where batch testing is required by the project: 
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Table 13.10.1 Mechanical property acceptance requirements for consumable batch tests for consumable grade and applicable 
Material Class Special Application 1 and 2 


Consumable Material Class Tensile test Charpy V-notch impact tests 
grade (Special 
Application) 


Yield strength Elongation (%) Test temperature | Average absorbed | Average Charpy 
(N/mm?) (°C) energy (J) impact crystallinity 


(minimum) 
(%) 


ISee Note 1 (minimum) 


See Note 2 esexinuiny) 


\See Note 3 


igh Strength 
eel — Special 
pplication 1 


HSS2 
(Undermatched) 


igh Strength 
eel — Special 
pplication 2 
Undermatched 
welds) 


H 
S) 
A 
H 
S) 
A 


HSS2 (Matched) High Strength 
Steel — Special 
Application 2 
(Matched welds) 


Note 1. The individual reduction of area and tensile strength values together with weld metal chemical analysis are recorded for information only. 
Note 2. No individual value may be less than 40 joules. 


Note 3. No individual value may be greater than 70 per cent. 


10.2 LR accepted solutions for welded construction for high strength steel for special marine applications 


10.2.1. The requirements of this Section relate to the welded construction of high strength steels intended for use in special 
marine applications, which are not covered elsewhere in this Chapter. 


10.2.2 An accepted solution for satisfactorily meeting the goal-based framework is specified in sub-Section Ch 13, 10.3 
General requirements of this Section. 


10.2.3. The application, in entirety, of the prescriptive content in this Section (including any references leading out) is considered 
to meet the listed goals. 


10.2.4 Alternative proposals for meeting the goal-based framework in Ch 713, 10.1 Goal-based framework will be specially 
considered. 


10.2.5 The requirements presented herein represent an accepted solution for welded constructions High Strength Steel — 
Special Application 1 and 2 and the appropriate consumable grade for the relevant material class. 


10.3 General requirements 


10.3.1 In addition to the requirements of this sub-Section, fulfilment of an accepted solution also requires compliance with the 
relevant sections of the Rules for the Manufacture, Testing and Certification of Materials, July 2022, specifically: 


° Ch 1 General Requirements, 

e Ch 2 Testing Procedures for Metallic Materials, 

° Ch 13, 1 General welding requirements and 

e Ch 13, 2 Specific requirements for ship hull structure and machinery 


regarding approval and manufacture, testing, inspection and general requirements for welded construction. 


10.3.2 Welding and fabrication of High Strength Steel - Special Application 1 steel is to be in accordance with Ch 73, 17 
General welding requirements and Ch 13, 2 Specific requirements for ship hull structure and machinery except where outlined 
below. 
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10.3.3 Cold forming is not permitted above 250°C and beyond a strain limit of 12 per cent, i.e. mean radius of 4,2 times plate 
thickness. 


10.3.4 — All welding is to be performed using the heat input within the range qualified. 


10.3.5 Where welding procedures for High Strength Steel — Special Application 2 are to be approved for undermatched 
welding, the design should take into account the minimum yield strength of the consumable in predicting the joint or structural 
properties. To ensure that design intent is maintained for any structure containing undermatched welds, the design should also 
account for any design tolerances, e.g. for weld misalignment, joint gap, repair of plate or weld defects. These limits are to be 
rigorously applied in production with any deviations or concessions being authorised by the project authority. 


10.3.6 Each batch of consumables require testing by the fabricator to demonstrate that tensile and Charpy V-notch impact 
properties of the weld metal meet the requirements of Ch 73, 10.1 Goal-based framework 10.1.6.(b). The tests shall be carried out 
on a double-sided weld with a thickness representative of the intended production weld. The applicable parent material classes for 
batch testing the welding consumables are given in Table 13.10.2 Welding consumable and parent metal combinations for batch 
testing for applicable Material Class Special Application 1 and 2. 


Table 13.10.2 Welding consumable and parent metal combinations for batch testing for applicable Material Class Special 
Application 1 and 2 


Consumables for Batch Testing (Allowable Material Class (Special Application) 


HSS1 Special Application 1 or 2 


HSS2 (Undermatched) Special Application 1 or 2 


HSS2 (Matched) Special Application 2 


10.3.7 Asaminimum, visual inspection is to be carried out on the following: 


a) All weld preparations, including excavations for the repair of defects, surfaces to be clad, etc., prior to welding. 

b) Root passes before any subsequent passes are made. 

c) After back gouging. 

d) Oncompletion of the weld on all exposed surfaces of the weld, at the weld toes for evidence of cracking and adjacent to the 
welds for evidence of damage by stray arcing. 

(e) All stops and starts to ensure they are clear of porosity and/or crater cracks. 

(f) | Any other project specific requirements. 


a a 


10.3.8 The application of pre-heat is required for all weld joints and is to be in accordance with the qualified welding procedure, 
with consideration of the restraints of the intended application. The recommended pre-heat temperatures for each Material Class 
(Special application 1 and 2) are shown in Table 13. 10.3 Recommended pre-heat temperature requirements for applicable Material 
Class Special Applications 1 and 2. 


Table 13.10.3 Recommended pre-heat temperature requirements for applicable Material Class Special Applications 1 and 2 


Root Run Filling Run 
Weld Type Material thickness 
(°C minimum) (°C minimum) 


High strength steel — Special 
Application 1 


High strength steel — Special All thicknesses 
Application 2 (undermatched 
elds) 


High strength steel — Special 


nd All thicknesses 
Application 2 (matched welds) 


10.3.9 The application of pre-heat shall be of a uniform soaking type, e.g. using resistance or induction electric heaters. The 
use of torches to provide preheat is limited to tack or temporary welding locations or to those applications involving welding within 
a localised area. 
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4 


0.3.10 The interpass temperature for all multi-pass welds is not to exceed 150°C. 


10.3.11 Where stress relieving is considered necessary for a particular application, details of the welding procedure and heat 
treatment cycle to be applied are to be submitted for special consideration and approval. 


10.3.12 Welding of temporary attachments (including lugs, bolts, studs etc.) to pressure hulls and frames is to be kept to a 
minimum. 


4 


0.3.13 Stud welding is to be in accordance with an approved drawing and welding procedure. It is prohibited for shock- 
mounted equipment, equipment whose failure may result in injury to personnel, or for any equipment inside reactor compartments 
(where applicable). 


10.3.14 For weld joints between High Strength Steel - Special Application 1 or 2, to other approved structural steels, the 
welding consumable is to be selected to match the strength of High Strength Steel — Special Application 1 or 2 


10.3.15 Welding conditions and techniques to be employed for production welding is to be in accordance with a welding 
procedure qualified specifically for joining High Strength Steel — Special Application 1 or 2 to the other approved structural steels. 


10.3.16 The extent of NDE for all welds will be stated in the project requirements. This is to be considered to be the minimum 
requirement and the extent is to be increased when warranted by the analysis of previous results. 


10.3.17 Final NDE of weld joints is to be carried out 48 hours after welding for High Strength Steel - Special Application 1 and 
High Strength Steel — Special Application 2 undermatched welds. For High Strength Steel — Special Application 2 matched welds, 
final NDE of the weld joint is to be carried out 72 hours after welding. 


10.3.18 The results of all NDE is to be evaluated in accordance with these Rules and the project specific requirements. 


10.3.19 Weld repair to submersible craft intended for human occupancy already in service is to follow the requirements of this 
Section and Ch 73, 6 Repair of existing shios by welding. 


470 Lioyp's REGISTER 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, JULY 2022 


Contents Chapter 14 
CHAPTER q GENERAL REQUIREMENTS 
CHAPTER 2 TESTING PROCEDURES FOR METALLIC MATERIALS 
CHAPTER 3 ROLLED STEEL PLATES, STRIP, SECTIONS AND BARS 
CHAPTER 4 STEEL CASTINGS 
CHAPTER 5 STEEL FORGINGS 
CHAPTER 6 STEEL PIPES AND TUBES 
CHAPTER 7 IRON CASTINGS 
CHAPTER 8 ALUMINIUM ALLOYS 
CHAPTER 9 COPPER ALLOYS 
CHAPTER 10 EQUIPMENT FOR MOORING AND ANCHORING 
CHAPTER 4 APPROVAL OF WELDING CONSUMABLES 
CHAPTER 12 WELDING QUALIFICATIONS 
CHAPTER 13 REQUIREMENTS FOR WELDED CONSTRUCTION 
CHAPTER 14 PLASTICS MATERIALS AND OTHER NON-METALLIC MATERIALS 


SECTION 1 GENERAL REQUIREMENTS 


SECTION 2 TESTS ON POLYMERS, RESINS, REINFORCEMENTS AND 
ASSOCIATED MATERIALS 


SECTION 3 TESTING PROCEDURES 
SECTION 4 PLASTIC PIPES AND FITTINGS 


SECTION 5 CONTROL OF MATERIAL QUALITY FOR COMPOSITE 
CONSTRUCTION 


CHAPTER 15 CORROSION PREVENTION 


Lioyp's REGISTER 471 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, JULY 2022 


Plastics Materials and other Non-Metallic Materials Chapter 14 


Section 1 
Section 
1 General requirements 
2 Tests on polymers, resins, reinforcements and associated materials 
3 Testing procedures 
4 Plastic pipes and fittings 
5 Control of material quality for composite construction 
a Section 7 
General requirements 
1.1 Scope 
1.4.1 Provision is made in this Chapter for the manufacture and testing of plastic pipes, together with approval requirements 


for base materials used in the construction or repair of composite vessels, other marine structures, piping and any associated 
machinery components and fittings which are to be certified or are intended for classification. 


1.1.2 These materials and products are to be manufactured and surveyed in accordance with the general requirements of Ch 
14, 1 General requirements, Ch 14, 2 Tests on polymers, resins, reinforcements and associated materials and Ch 14, 3 Testing 
procedures of this Chapter; and LR’s Materials and Qualification Procedures for Ships (MQPS) Book K, see Ch 1, 2.2 LR Approval 
— General 2.2.2, which, in addition to the test programme, also details the procedures for application for approval of manufacturers 
and products and details of the information to be supplied by the manufacturer. 


1.1.3 For base materials, the manufacturer's works do not require approval by Lloyd's Register (hereinafter referred as 'LR’), 
however the Quality Control procedures must be acceptable in accordance with the appropriate Section of this Chapter. 


1.1.4 Where a requirement exists for the material to be approved, the test requirements and information to be submitted for 
approval of polymers, resins, reinforcements and associated materials are defined in Ch 14, 2 Tests on polymers, resins, 
reinforcements and associated materials and Ch 14, 3 Testing procedures. 


1.1.5 Specific material requirements relating to the design and manufacture of plastic pipes and fittings are indicated in Ch 74, 
4 Plastic pipes and fittings, with the material requirements for hull structures contained in Ch 714, 5 Control of material quality for 
composite construction. 


1.1.6 For Builders constructing composite vessels, Ch 14, 5 Control of material quality for composite construction provides 
the minimum material control requirements for acceptance of the works by LR. 


1.1.7 For the purposes of these Rules a ‘plastics material’ is regarded as an organic substance which may be thermosetting 
or thermoplastic and which, in its finished state, may contain reinforcements or additives. 


1.1.8 Materials not listed in Ch 14, 2.1 Scope 2.1.1 may be considered for approval on a case-by-case basis. The approved 
test results will be listed on the issued certificate. Subject to satisfactory service experience and validation of approval, the material 
may be entered in Ch 14, 2.1 Scope 2.1.1 of the Rules. 

1.2 Information on material quality and application 

1.2.1 Where plastics products are to be classed or certified, the manufacturer is to provide the material producer with such 
information as is essential to ensure that the base materials to be used are in accordance with the approval requirements and the 
product specification. This information is to include any survey requirements for the materials. 

1.3 Manufacture 


1.3.1 Plastics products are to be made at works which have been approved (or accepted) for the type of product being 
supplied using base materials that have been approved. 


1.3.2 Base materials are to be approved in accordance with the requirements of Ch 14, 2 Tests on polymers, resins, 
reinforcements and associated materials and Ch 14, 3 Testing procedures. 
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1.3.3 In order that a works can be approved (or accepted), the manufacturer is required to demonstrate to the satisfaction of 
LR that the necessary manufacturing and testing facilities are available and are supervised by qualified personnel. A specified 
programme of tests is to be carried out under the supervision of the Surveyors, and the results are to be to the satisfaction of LR. 
When a manufacturer has more than one works, the approval (or acceptance) is only valid for the individual works which carried 
out the test programme. 


1.3.4 In order to maintain approval, the manufacturer is required to confirm in writing that there have been no changes in the 
formulation or production process for the material in question and that the site of manufacture remains unchanged. 


1.4 Survey procedure 


1.4.1 The Surveyors are to be allowed access to all relevant parts of the works and are to be provided with the necessary 
facilities and information to enable them to verify that manufacture is being carried out in accordance with the approved procedure. 
Facilities are also to be provided for the selection of test material, the witnessing of specified tests and the examination of 
materials, as required by the Rules. 


1.4.2 Prior to the provision of test material for acceptance, manufacturers are to provide the Surveyors with details of the 
order, specification and any special conditions additional to the Rule requirements. 


1.4.3 Before final acceptance, all test materials are to be confirmed as typical of the manufactured product and be submitted 
to the specified tests and examinations under conditions acceptable to the Surveyors. The results are to comply with the 
specification and any Rule requirements and are to be to the satisfaction of the Surveyors. 


1.4.4 These specified tests and examinations are to be carried out prior to the despatch of finished products from the 
manufacturer's works. 


1.4.5 In the event of any material proving unsatisfactory, during subsequent working, machining or fabrication, it is to be 
rejected, notwithstanding any previous certification. 
1.5 Alternative survey procedure 


1.5.1 Where materials are manufactured in quantity by semi-continuous or continuous processes under closely controlled 
conditions, an alternative system for testing and inspection may be adopted, subject to the agreement of the Surveyors. 


1.5.2 In order to be considered for approval, manufacturers are to comply with the requirements of Ch 7, 2 Approval and 
survey requirements. 

1.6 Post-cure heating 

1.6.1 Post-cure heating is to be carried out in properly constructed ovens which are efficiently maintained and have adequate 


means for control and recording of temperature. The oven is to be such as to allow the whole item to be uniformly heated to the 
necessary temperature. In the case of very large components which require post-cure heating, alternative methods will be specially 
considered. 


1.7 Test material 


1.7.1 Sufficient material is to be provided for the preparation of the test specimens detailed in the specific requirements. It is, 
however, in the interests of manufacturers to provide additional material for any re-tests which may be necessary, as insufficient or 
unacceptable test material may be a cause for rejection. 


1.7.2 Where test materials, (either base materials or product sample materials) are selected by the Surveyor or a person 
nominated by LR, these are to be suitably identified by markings which are to be maintained during the preparation of the test 
specimens. 


1.7.8 All base material samples for testing are to be prepared under conditions that are as close as possible to those under 
which the product is to be manufactured. Where this is not possible, a suitable procedure is to be agreed with the Surveyor. 


1.7.4 During production, check test samples are to be provided as requested by the Surveyor. 


1.725 Should the taking of these samples prove impossible, model samples are to be prepared concurrently with production. 
The procedure for the preparation of these samples is to be agreed with the Surveyor. 


1.7.6 The dimensions, number and orientation of test specimens are to be in accordance with the requirements of a National 
or International Standard acceptable to LR. 
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1.8 Re-test procedure 


1.8.1 Where test material fails to meet the specified requirement, two additional tests of the same type may be made at the 
discretion of the Surveyor. 


1.8.2 Where an individual test result in a group (minimum five) deviates from the mean by more than two standard deviations 
in either the higher or lower direction, the result is to be excluded and a re-test made. Excluded results of tests are to be reported 
with confirmation that they have been excluded. Only one exclusion is acceptable in any group of tests. 


1.9 Visual and non-destructive examination 


1.9.1 Prior to the final acceptance, surface inspection, verification of dimensions and non-destructive examination are to be 
carried out in accordance with the requirements detailed in Ch 74, 3 Testing procedures, Ch 14, 4 Plastic pipes and fittings and 
Ch 14, 5 Control of material quality for composite construction of this Chapter. 


1.9.2 When there is visible evidence to doubt the soundness of any material or component, such as flaws or suspicious 
surface marks, it is to be the responsibility of the manufacturer to prove the quality of the material by any suitable method. 
1.10 Rectification of defective material 


1501 Small surface blemishes may be removed by mechanical means provided that, after such treatment, the dimensions are 
acceptable, the area is proved free from structural defects and the rectification has been completed to the satisfaction of the 
Surveyor. 


1.10.2 Repair procedures for larger defects are to be agreed with LR prior to implementation. 


1.11 Identification of products and base materials 


1.11.1. The manufacturer of approved materials is to identify each batch with a unique number. 


1.11.2 | The manufacturer of plastics products is to adopt a system of identification which will enable all finished products to be 
traced to the original batches of base materials. Surveyors are to be given full facilities for tracing any component or material when 
required. 


1.11.3. When any item has been identified by the personal mark of a Surveyor, or deputy, this is not to be removed until an 
acceptable new identification mark has been made by a Surveyor. Failure to comply with this condition will render the item liable to 
rejection. 


1.11.4 Before any pipe or fitting is finally accepted it is to be clearly marked by the manufacturer in at least one place with the 
particulars detailed in the appropriate specific requirements as given in Ch 74, 4 Plastic pipes and fittings. 


1.11.5 | Where a number of identical items are securely fastened together in bundles, the manufacturer need only brand the top 
item of each bundle. Alternatively, a durable label giving the required particulars may be attached to each bundle. 


1.12 Certification 


1.12.4 Certification of the finished product is to be in accordance with the requirements of the appropriate Sections. 


ey Section 2 
Tests on polymers, resins, reinforcements and associated materials 


2.1 Scope 


2.1.1 This Section gives the tests and data required by LR for materials approval and/or inspection purposes on the following: 


a) Thermoplastic polymers. 

b) Thermosetting resins. 

) Reinforcements. 

d) Reinforced thermoplastic polymers. 
) Reinforced thermosetting resins. 

(f) Core materials. 


(i) | End-grain balsa. 
(ii) | Rigid foams. 
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(iii) | Synthetic felt tyoe materials. 
g) Machinery chocking compounds. 
h) Rudder and pintle bearings. 
Sterntube bearings. 
Plywoods. 
k) Adhesive and sealant materials. 
!) | Repair compounds. 


2.2 Thermoplastic polymers 
2.2 


d The following data is to be provided by the manufacturer for each thermoplastic polymer: 


a) Melting point. 
b) Melt flow index. 
) Density. 
d) Bulk density. 
) — Filler content, where applicable. 
f) | Pigment content, where applicable. 
(g) Colour. 


2.2.2 Samples for testing are to be prepared by moulding or extrusion under the polymer manufacturer's recommended 
conditions. 


2.2.3 The following tests are to be carried out on these samples: 
a) Tensile stress at yield and break. 

b) Modulus of elasticity in tension. 

) Tensile strain at yield and break. 

d) Compressive stress at yield and break. 

. Compressive modulus. 

f) | Temperature of deflection under load. 

(g) Determination of water absorption. 


2.3 Thermosetting resins 


2.3.1 The data listed in Table 14.2.1 Data requirements for thermosetting resins is to be provided by the manufacturer for 
each thermosetting resin. 


Table 14.2.1 Data requirements for thermosetting resins 


Type of resin 


Polyester (See Note 3 for 


; Epoxide Phenolic 
vinylester) 


Specific gravity of liquid resin required required required 


Viscosity required required required 
Gel time required required not applicable 


Appearance required required required 


Mineral content required required not applicable 


(see Note 1) (see Note 2) 
Volatile content required not applicable not applicable 
Acid value required not applicable not applicable 


Epoxide content not applicable required not applicable 
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Free phenol not applicable not applicable required 


Free formaldehyde not applicable not applicable required 


Note 1. This is to be the total filler in the system, including thixotrope, filler, pigments, etc. and is to be expressed in parts by 


weight per hundred parts of pure resin. 
Note 2. If the resin is pre-filled, the mineral content is required. 


Note 3. Vinylesters are to be treated as equivalent to polyesters. 


2.3.2 Cast samples are to be prepared in accordance with the manufacturer's recommendations and are to be cured and 
post-cured in a manner consistent with the intended use. The curing system used and the ratio of curing agent (or catalyst) to 
resin are to be recorded. Where post-cure conditions equivalent to ambient-cure conditions apply, see Ch 714, 3.2 Preparation of 
test samples 3.2.2 and Ch 14, 3.2 Preparation of test samples 3.2.3. 


2.3.3 The following are to be determined using these samples: 


a) Tensile strength (stress at maximum load) and stress at break. 
b) Tensile strain at maximum load. 
) Tensile secant modulus at 0,5 per cent and 0,25 per cent strain respectively. 
d) Temperature of deflection under load. 
. Barcol hardness. 
f) Determination of water absorption. 
g) Volume shrinkage after cure. 
h) Specific gravity of cast resin. 


2.3.4 In addition, for gel coat resins the stress at break and modulus of elasticity in flexure are to be determined. 


2.3.5 Where resins which have been modified by the addition of waxes or polymers, for example ‘low styrene emission or air 
inhibited’ materials, it is to be confirmed that the use of such resins will not result in poor interlaminar adhesion when interruptions 
to the laminating process occur. The test procedure is to be as follows: 


(a) Aconventional room temperature curing catalyst/ accelerator system is to be used with the resin for laminate preparation. 


(b) A laminate of 25 to 35 per cent glass content in mass is to be prepared using two plies of 450 g/m? chopped strand mat. 
The laminate is to be prepared at ambient temperature (18° to 21°C). The laminate is to be allowed to stand for a minimum of 
four days but no longer than 6 days at ambient temperature. 


(c) A further two plies of 450 g/m? chopped strand mat are to be laminated onto the exposed surface and cured at ambient 
temperature for 24 hours. The finished laminate is then to be post-cured at 40°C for 16 hours. The finished laminate is to 
have a glass content of 25 to 35 per cent. 


(d) After cooling, the apparent interlaminar shear strength of the laminate is to be determined in accordance with ISO 14130; the 
minimum value is given in Ch 14, 5.17 Minimum tested requirements for material approval 5.11.4. Before testing the samples 
shall be conditioned at 23°C and relative humidity of 50 per cent for a period of 88 hours before testing. 

(e) If the tests are undertaken at the resin manufacturer's own laboratory, the individual test values are to be reported and the 
broken test specimens retained for examination by LR. 


Alternative test procedures will be considered with prior agreement. 


2.4 Reinforcements 
2.4.1 The following data is to be provided, where applicable, for each type of reinforcement: 


a) Reinforcement type. 
b) Fibre type for each direction. 
) Fibre tex value. 
d) Fibre finish and/or treatment. 
. Yarn count in each direction. 
f) Width of manufactured reinforcement. 
g) Weight per unit area of manufactured reinforcement. 
h) Weight per linear metre of manufactured reinforcement. 
i) | Compatibility (e.g. suitable for polyesters, epoxides, etc.). 
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() | Constructional stitching — details of yarn, specific gravity, type, frequency and direction. 
(k) Weave type. 

(l) | Binder type and content. 

(m) Density of the fibre material. 


2.4.2 Tests of the mechanical properties are to be made on laminate samples containing the reinforcement and prepared as 
follows: 


(a) an approved resin of suitable type is to be used; 

(6) aminimum of three layers of the reinforcement is to be laid with parallel ply to give a laminate not less than 4 mm thick; 

(c) the weights of resin and reinforcement used are to be recorded together with the measured thickness of the laminate, 
including the measured weight per unit area of the reinforcement used; 


(d) for glass reinforcements, the glass/resin ratios, by weight, as shown in Table 14.2.2 Glass fraction by weight for different 
reinforcement types are to be used; 


(e) for reinforcement type other than glass, a fibre volume fraction, as shown in Table 14.2.3 Content by volume for different 
reinforcement types, is to be used. 


Table 14.2.2 Glass fraction by weight for different reinforcement types 


Reinforcement type Glass fraction nominal values 


Unidirectional 0,60 


Chopped strand mat 0,30 


Woven roving 0,50 


Woven cloth 0,50 
Composite roving (see Note) 0,45 
Gun rovings 0,33 
+45° stitched parallel plied roving 0,50 
Triaxial parallel plied roving 0,50 


Quadriaxial parallel plied roving 0,50 


Note Continuous fibre reinforcement with attached chopped strand mat. 


2.4.3 Rovings intended for filament winding are to be tested as unidirectional rovings. 


Table 14.2.3 Content by volume for different reinforcement types 


Reinforcement type Content by volume 
nominal values 


Unidirectional 0,41 
Chopped strand mat 0,17 
Woven roving 0,32 
Woven cloth 0,32 
Composite roving (see Note) 0,28 
Gun rovings 0,19 


+45° stitched parallel plied roving 0,32 


Triaxial parallel plied roving 0,32 
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Quadriaxial parallel plied roving 0,32 


Note The volume content may be converted to weight fractions by use of the formula: W ¢ = Vr 


D/O eVeE+DRV pA) where W ¢ = fibre fraction by weight D ¢ = density of fibre D p = density of 
cured resin V ¢ = fibre fraction by volume V p = resin fraction by volume 


2.4.4 The following tests as defined in Ch 74, 3 Testing procedures are to be made on the samples: 


a) Tensile strength (stress at maximum load). 

b) Tensile strain at break. 

) Tensile secant modulus at 0,5 per cent and 0,25 per cent strain respectively. 
d) Compressive strength (stress at maximum load). 

. Compressive modulus. 

f) Flexural strength (stress at maximum load). 

g) Modulus of elasticity in flexure. 

h) Apparent interlaminar shear. 

Fibre content. 

Determination of water absorption. 


2.4.5 The laminate is to be tested in air in the directions indicated by Table 14.2.4 Fibre orientations in reinforced test 
specimens. 


Table 14.2.4 Fibre orientations in reinforced test specimens 


Type of reinforcement Test orientations 


Unidirectional o° 


Chopped strand mat any direction 
Gun roving 


Woven roving 0° and 90° 
Woven cloth 
Composite roving 


+ 45° parallel plied roving 0°, 45°, 90° and -45° 
Triaxial plied roving 
Quadriaxial plied roving 


2.4.6 Additionally, tests in Ch 14, 2.4 Reinforcements 2.4.4(c) and (f) are to be repeated, in one direction only, after immersion 
in fresh water at 35°C for 28 days with the exception of Ch 14, 2.4 Reinforcements 2.4.4()). 
2.5 Reinforced thermoplastic polymers 


25s Thermoplastic polymers intended for use with reinforcements are to be tested in accordance with Ch 14, 2.2 
Thermoplastic polymers 2.2.1 to Ch 14, 2.2 Thermoplastic polymers 2.2.3. 


2.5.2 A laminate is to be prepared using the polymer and an approved reinforcement in accordance with a manufacturing 
specification. The laminate is to be tested in accordance with the appropriate requirements of Ch 14, 2.4 Reinforcements 2.4.4. 
Testing may be confined to one direction only. 


2.6 Reinforced thermosetting resins 


2.6.1 Thermosetting resins intended for use with reinforcements are to be tested in accordance with Ch 14, 2.3 
Thermosetting resins 2.3.1 to Ch 14, 2.3 Thermosetting resins 2.3.4. 


2.6.2 No further tests are required for gel coat resins. 
2.6.3 For laminating resins, a laminate is to be prepared using the resin and an approved reinforcement as follows: 


(a) For polyester resins, chopped strand mat. 
(b) For epoxide resins, a balanced woven roving. 
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(c) For phenolic resins, a balanced woven material. 

2.6.4 The laminate is to be tested in accordance with procedures outlined in MQPS Book K procedure 14-1 and Ch 14, 2.4 
Reinforcements 2.4.4 in one fibre direction only. 

2.7 Core materials 

i ea | General requirements. The following data is to be provided for each type of core material: 


a) Type of material. 
b) Density. 
) Description (block, scrim mounted, grooved). 
d) Thickness and tolerance. 
. Sheet/block dimensions. 
(f) | Surface treatment. 


2.7.2 Manufacturers are required to provide a full application procedure for use of the product. 


2.8 Specific requirements for end-grain balsa 


2.8.1 The supplier is to provide a signed statement that the balsa (ochroma lozopus) is cut to end-grain, is of good quality, 
being free from unsound or loose knots, holes, splits, rot, pith and corcho, and that it has been treated against fungal and insect 
attack, shortly after felling, followed by homogenisation, sterilisation and kiln drying to an average moisture content of no more 
than 12 per cent. 


2.8.2 The following tests are to be carried out on the virgin material, both parallel to and perpendicular to the grain: 


(a) Compressive strength (stress at maximum load). 
(b) Compressive modulus of elasticity. 
(c) Tensile strength (stress at maximum load). 


The density of the virgin material is also to be tested. 


2.8.3 Where the balsa is mounted on a carrier material (e.g. scrim), any adhesive used is to be of a type compatible with the 
proposed resin system. 


2.8.4 Core shear properties are to be determined according to the requirements of Ch 14, 3.8 Structural core materials 3.8.1. 
2.9 Specific requirements for rigid foams (PVC, Polyurethane and other types) 

2.9.1 The foam is to be of the closed cell tyoe and compatible with the proposed resin system (e.g. polyester, epoxide etc.). 
2.9.2 Foams are to be of uniform cell structure. 

2.9.3 Data is to be provided on the dimensional stability of the foam by measurement of the shrinkage. 


2.9.4 The following test data is to be submitted for each type of foam: 


(a) Density. 

(b) Tensile strength (stress at maximum load). 

(c) Tensile modulus of elasticity. 

(d) Compressive strength (stress at maximum load). 
(e) Compressive modulus of elasticity. 


2.9.5 Core shear properties are to be determined according to the requirements of Ch 14, 3.8 Structural core materials 3.8.1. 


2.9.6 Additionally, the compressive properties (see Ch 14, 2.9 Specific requirements for rigid foams (PVC, Polyurethane and 
other types) 2.9.4.(d) and Ch 14, 2.9 Specific requirements for rigid foams (PVC, Polyurethane and other types) 2.9.4.(e)) are to be 
determined at a minimum of five points over the temperature range ambient to maximum recommended service or 70°C, 
whichever is the greater. 


2.10 Synthetic felt type materials with or without microspheres 


2.10.1 For materials of this type, the following data is required in addition to the requirements of Ch 14, 2.7 Core materials 
2.7.1: 


(a) Fibre type. 
(o) Width. 
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(c) Width of finished material. 

(d) Weight per unit area of the manufactured material. 
(e) Weight per linear metre of the manufactured material. 
(f) © Compatibility. 

(g) Details of the method of combining. 


2.10.2 A laminate of the material is to be prepared using a suitable approved resin under conditions recommended by the 
manufacturer. 


2.10.3 The following properties are to be determined: 


a) Tensile strength (stress at maximum load). 
b) Tensile strain at break. 
) Modulus of elasticity in tension or secant modulus at 0,25 per cent and 0,5 per cent strain. 
d) Compressive strength (stress at maximum load). 
. Compressive modulus. 
f) Flexural strength (stress at maximum load). 
g) Modulus of elasticity in flexure. 
h) Fibre content. 
i) | Water absorption. 


2.10.4 — In the case of anisotropic materials (e.g. where combined with other reinforcements) the tests listed in Ch 714, 2.10 
Synthetic felt type materials with or without microspheres 2.10.3 are to be conducted in the 0°, 90° directions and in any other 
reinforcement direction. 


2.10.5 Additionally, the tests listed in Ch 14, 2.10 Synthetic felt tyoe materials with or without microspheres 2.10.3 are to be 
repeated after immersion in fresh water at 35°C for 28 days. For anisotropic materials, the requirement is for this test to be carried 
out in one direction only. 


2.10.6 The shear properties (of the resin filled system) are to be determined according to Ch 14, 3.8 Structural core materials 
3.8.7. 


2.11 Machinery chocking compounds (resin chocks) 


2.11.1. Thermosetting materials for filling the space between the base of machinery and its foundation where the maintenance 
of accurate alignment is necessary are to be approved by LR before use. 


2.11.2 — Approval will be considered by LR for use under the following service conditions: 


¢ Loading of 3,5 N/mm? (max) for a temperature not exceeding 60°C. 
¢ Loading of 2,5 N/mm? (max) for a temperature not exceeding 80°C. 
e — Other loading conditions. 


2.11.3. The exotherm temperature, defined as the maximum temperature achieved by the reacting resin under conditions 
equivalent to those of intended use, is to be determined according to a procedure approved by LR. 


2.11.4 — The following properties are to be determined on chock material cured at the measured exotherm temperature: 


(a) The impact resistance (Izod). 

(bo) Hardness. 

(c) Compressive strength (stress at maximum load) and modulus of elasticity. 

(d) Water absorption. 

(e) Oil absorption. 

(f) | Heat deflection temperature. 

g) Compressive creep is to be measured according to Ch 14, 3.9 Machinery chocking compounds 3.9.4. 
h) Curing linear shrinkage. 

i) Flammability. 

2.11.5 The chocking compound approval is contingent on the material achieving the minimum exotherm value as specified 
when used on an installation under practical conditions. 
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2.11.6 | Where the resin chock is to be used for installation of sterntubes and sternbushes in addition to the requirements of Ch 
14, 2.11 Machinery chocking compounds (resin chocks) 2.11.4, the tensile strength and modulus of elasticity in tension are to be 
measured. 


2.11.7 | The manufacturer's installation procedure is required to be documented and is to be to the satisfaction of LR. 


2.11.8 Resin chock materials are to be tested in accordance with Ch 14, 3.9 Machinery chocking compounds and are to meet 
the requirements of Ch 14, 5.14 Synthetic chocking compounds. 


2.12 Rudder and pintle bearings 
2.12.1 Materials used for rudder and pintle bearings are to be approved by LR before use. 


2.12.2 Initial approval is to be based on a review of the following physical properties of the material: 


a) Compressive strength (stress at maximum load) and modulus of elasticity. 
b) Tensile strength (stress at maximum load) and modulus of elasticity. 

c) Shear strength (stress at maximum load). 

d) Impact strength. 

e) Swelling in oil and in water. 

f) | Hardness. 


2.12.3 Additionally, friction data is to be provided under both wet and dry conditions. 


2.12.4 Furthermore, the installation instructions (especially recommended clearances) are to be reviewed by LR prior to 
provisional approval being given. 


2.12.5 If the above data is satisfactory, the material will be provisionally approved until sufficient service experience has been 
gained. 


2.13 Sterntube bearings 
2.13.1 Materials used for sterntube bearings are to be approved by LR before use. 


2.13.2 Approval is to be based on a review of the physical properties as given by Ch 14, 2.12 Rudder and pintle bearings 
2.12.2. 


2.13.3 Friction data is to be provided under the lubrication system(s) proposed for the material(s). 


2.14 Plywoods 


2.14.1 All plywoods are to be approved to BS 1088 or equivalent National or International Standard in accordance with LR's 
Type Approval Procedure. 


2.14.2 For structural applications in the marine environment, a minimum timber rating of moderate durability according to BS 
1088-1 and BS 1088-2 is required. 


2.14.3 Enhancement of durability by use of preservatives is permitted, subject to each veneer layer being treated with a 
recognised preservative. 


2.14.4 Where Okoume, as specified by BS 1088 is involved, (i.e. non-durable timber classification) this may only be used for 
marine structures subject to the specific application being acceptable to LR. 


2.15 Adhesive and sealant materials 
2.15.1 Materials of these types are to be accepted by LR before use. 
2.15.2 The requirements for acceptance are dependent on the nature of the application. 


2.15.3 In the first instance, the manufacturer is to submit full details of the product, procedure for method of use (including 
surface preparation) and the intended application. After review of these details, LR will provide a specific test schedule for 
confirmation of the material's properties. 


2.15.4 Any acceptance granted will be limited to specific applications and will be contingent on the instructions for use being 
adhered to. 


2.16 Repair compounds 


2.16.1 Materials used for repairs are to be accepted by LR before use. 
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2.16.2. For acceptance purposes, the manufacturer is to submit full product details and user instructions, listing the types of 
repair for which the system is to be used together with details of any installer accreditation schemes. 


2.16.3. | Dependent on the proposed uses, LR may require testing in accordance with a specified test programme. 
2.16.4 Materials will not be accepted for the following uses unless specific evidence of their suitability is provided: 


a) Any component in rubbing contact. 
b) Any component subject to dynamic cyclic loading. 
) Any pressure part in contact with gas or vapour. 
d) Any pressure part in contact with liquid above 0,385 MPa. 
) Any component where operating temperature exceeds 90°C. 


All uses of materials of these types are subject to the discretion of the Surveyor. 


| Section 3 
Testing procedures 


3.1 General 


3.1.1 This Section gives details of the test methods to be used for base materials and on finished plastics products such as 
fibre reinforced plastics (FRP) piping and any testing required in the construction of composite vessels. 


3.1.2 In general, testing is to be carried out by a competent independent test house which, at the discretion of LR, may or 
may not require witnessing by the Surveyor. 


3.1.3 Alternatively, testing may be carried out by the manufacturer subject to these tests being witnessed by the Surveyor. 
3.1.4 All testing is to be carried out by competent personnel. 


3.1.5 Unless specified otherwise, testing is to be carried out in accordance with a recognised ISO standard, where one exists, 
and all test programmes are to have written procedures. 


3.1.6 Alternatively, testing may be carried out in accordance with a National Standard provided that it conforms closely to an 
appropriate ISO standard and subject to prior agreement with the Surveyor. 


SalcF Mechanical properties are to be established using suitable testing machines of approved types. The machines and other 
test equipment are to be maintained in a satisfactory and accurate condition and are to be recalibrated at approximately annual 
intervals. Calibration is to be undertaken by a nationally recognised authority or other organisation of standing and is to be to the 
satisfaction of the Surveyor. A record of all calibrations is to be kept available in the test house. The accuracy of test machines is to 
be within + one per cent. 


3.2 Preparation of test samples 


3.2.1 Thermoplastic samples are to be prepared in accordance with the manufacturer's recommendations for moulding. For 
finished products, samples are to be taken from the product during production in accordance with the manufacturer's quality plan, 
but where this is impractical, separate test samples are to be prepared in a manner identical with that of the product. 


3.2.2 Samples of thermosetting resins are to be prepared using the curing system recommended by the manufacturer and 
identical with that used for the finished product. 


3.2.3 The post curing conditions for samples of thermosetting resins are to be as recommended by the manufacturer and 
identical with those used for the finished product. Where the samples are made for the general approval of a resin, the post curing 
conditions are to be those in which the resin is intended to be used. 


3.2.4 Where curing of the product is intended to take place at room temperature, the sample is to be allowed to cure at room 
temperature (18 to 21°C) for 24 hours followed by a post-cure at 40°C for 16 hours. 


3.2.5 Where a reinforcement is to be used, the ratio of reinforcement to resin or polymer is to be nominally the same as that of 
the finished product or in accordance with Table 14.2.2 Glass fraction by weight for different reinforcement types or Table 14.2.3 
Content by volume for different reinforcement types. 


3.2.6 Where laminates are prepared specifically for approval test purposes, the reinforcement is to be laid parallel plied. 
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3.3 Preparation of test specimens 
3.3.1 The test specimen is to be prepared in accordance with the appropriate ISO standard and the requirements of this 
Section. 


3.3.2 Precautions are to be taken during machining to ensure that the temperature rise in the specimen is kept to a minimum. 


3.4 Testing 

3.4.1 Strain measurement is to be made by the use of a suitable extensometer or strain gauge. 

3.4.2 The rate of strain is to be in accordance with the appropriate ISO standard. 

3.4.3 The number of test specimens from each sample to be tested is to be in accordance with the ISO standard. For 
mechanical testing this is five. 

3.5 Discarding of test specimens 


3.5.1 If a test specimen fails because of faulty preparation or incorrect operation of the testing machine, it is to be discarded 
and replaced by a new specimen. 


3.5.2 In addition, if the deviation of one result in a group of five exceeds the mean by more than two standard deviations, that 
result is to be discarded and one further specimen tested, see Ch 14, 7.8 Re-test procedure 71.8.1 and Ch 14, 1.8 Re-test 
procedure 1.8.2. 

3.6 Reporting of results 


3.6.1 All load/displacement graphs and tabulated results are to be reported, including mean values and the calculated 
standard deviation. 


3.6.2 Additionally, full details of the sample and specimen preparation are to be provided including (where applicable): 


(a) | Catalyst/accelerator or curing agent types and mix ratio. 

(b) Weights of resins, and/or reinforcements used. 

(c) Casting/laminate dimensions. 

(d) Number of layers of reinforcement used. 

(e) Curing/post-curing conditions. 

3.7 Tests for specific materials 

3.7.1 The data requirements in Ch 14, 2.2 Thermoplastic polymers and Ch 14, 2.3 Thermosetting resins for thermoplastic or 


thermosetting resins or polymers are to be determined in accordance with suitable National or International Standards. 


3.7.2 Recognised Standards to which specimens of unreinforced thermoplastic resins are to be tested are listed in Table 
14.3.1 Tests for unreinforced thermoplastic resins. 


Table 14.3.1 Tests for unreinforced thermoplastic resins 


Test Standard 


Tensile properties SO 527-2 Test speed = 5 mm/min 
Specimen 1A or 1B 


Flexural properties SO 178 Test speed = Thickness mm/min 
: 2 


Water absorption SO 62 Method 1 


Temperature of deflection under | ISO 75-2 Method A 
load 


Compressive properties SO 604 Test speed - as for ductile materials 


Note 1. Water absorption - result to be expressed as milligrams. 


Note 2. Tensile modulus values are to be determined using an extensometer which may be removed for strain to failure. 


3.7.3 Test standards for unreinforced cast thermosetting resins are given in Table 14.3.2 Tests on unreinforced cast thermoset 
resin specimens. 
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Table 14.3.2 Tests on unreinforced cast thermoset resin specimens 


Standard 


Tensile properties SO 527-2 Test speed = 5 mm/min 
Specimen 1A or 1B 


Flexural properties SO 178 Test speed = Thickness picts mm/min 


Water absorption SO 62 Method 1 


Temperature of deflection under load SO 75-2 Method A 


Compressive properties SO 604 Test speed = 1 mm/min 


Note 1. ISO 62:2008 - where resins are intended for use under ambient conditions to avoid additional post-curing, the requirement in ISO 
62:2008 for pre-drying the test specimen at 50°C is to be omitted. The test result is to be expressed as mg of water. 


Note 2. ISO 527-2:1993 - tensile properties are to be measured using extensometry. 


3.7.4 The Standards to which laminate specimens of any type are to be tested are listed in Table 14.3.3 Tests on laminate 
specimens. 


Table 14.3.3 Tests on laminate specimens 


Standard 


Tensile properties ISO 527-4 Test speed = 2 mm/min 
Specimen types II or Ill 


Flexural properties ISO 14125 Test speed = Thickness 


Method A 

Compressive properties ISO 604 Test speed = 1 mm/min 
Interlaminar shear ISO 14130 
Water absorption ISO 62 Method 1 


Glass content ISO 1172 


Note 1. ISO 62:2008 - where resins are intended for use under ambient conditions to avoid additional post-curing, the requirement in ISO 
62:2008 for pre-drying the test specimen at 50°C is to be omitted. The test result is to be expressed as mg of water. 


Note 2. ISO 527-4:1997 - tensile properties are to be measured using extensometry. 


Note 3. Tensile modulus values are to be determined using an extensometer which may be removed for strain to failure. 


3.8 Structural core materials 


3.8.1 Initially, the core shear strength and modulus are to be determined by ISO 1922 or ASTM C273/C273M. Test sandwich 
panels are then to be prepared and subjected to four-point flexural tests to determine the apparent shear properties according to 
ASTM C893/C393M (short beam) at two representative thicknesses (i.e. 15 mm and 30 mm). Testing is to be carried out at 
ambient temperature and at 70°C. The following requirements are to be observed: 


(a) Each skin is to be identical and have a thickness not greater than 21 per cent of the nominal core thickness. For hand laid 
constructions, each skin is to comprise a lightweight chopped strand mat reinforcement (300 g/m?) consolidated at a glass 
content, by weight, of 0,3 against the core, plus the required number of woven reinforcements consolidated, using an 
isophthalic polyester resin, to give a minimum glass content, by weight, of 0,5. 

(ob) The method of construction of the sandwich laminate is to reflect the core material manufacturer's instructions for use, i.e. 
application of bonding paste, surface primer or any other recommended system. 

(c) Where vacuum bagging techniques or equivalent systems are used, these will be subject to individual consideration. 

(d) All resins and reinforcements are to hold current LR approval. 
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(e) Curing conditions are to be in accordance with Ch 74, 3.2 Preparation of test samples 3.2.3 and Ch 14, 3.2 Preparation of 
test samples 3.2.4. 

(f) |The dimensions of the test samples should be based on the requirements of ASTM C893 Paragraph 5.1, and the ratio 
parameters as indicated in ASTM C393 Paragraph 5.2, using a proportional limit stress (F) for the woven roving skins of 130 
N/mm? and a span (a ») of not less than 400 mm. 


3.8.2 For each type of test sample, the following data are to be reported, together with the submission of a representative test 
sample showing the mode of failure for each density of core material: 


a) Skin and core thickness, and core type and density. 
b) Resin/catalyst/accelerator ratio. 
) Skin construction, including types and weight of reinforcements, resin(s), etc. 
d) Details of production method and curing conditions (temperature and times). 
. Where additional preparation of the foam is involved, for example the use of primers or bonding pastes, full details are to be 
provided. 
(f) | Actual span between base supports for each type of test sample. 


3.8.3 The following requirements apply to end-grain balsa: 


(a) The data requirements of Ch 14, 2.7 Core materials 2.7.1 are to be provided, where applicable, according to suitable 
National or International Standards. 


(b) The balsa is to be tested according to the requirements of Ch 14, 3.8 Structural core materials 3.8.1. 
(c) The test methods for balsa are given in Table 14.3.4 Tests on end-grain balsa. 


Table 14.3.4 Tests on end-grain balsa 


Test Standard 


Density ISO 845 
Tensile properties ASTM C297/C297M 


Test speed = Thiciness mm/min 


Compressive ISO 844 
properties 


Test speed = Thickness mm/min 


Shear properties SO 1922 
Test speed = 1 mm/min 


3.8.4 The following requirements apply to rigid foams: 


(a) The data requirements of Ch 14, 2.7 Core materials 2.7.1 are to be provided in accordance with a suitable National or 
International Standard. 

(b) The foam is to be tested according to the requirements of Ch 14, 3.8 Structural core materials 3.8.1. 

(c) The test methods for rigid foams are to be in accordance with Table 14.3.4 Tests on end-grain balsa. 


3.8.5 The following requirements apply to synthetic felt type materials: 


(a) The data requirements of Ch 14, 2.10 Synthetic felt tyoe materials with or without microspheres 2.10.1 are to be provided 
according to suitable National or International Standards. 

(b) The material is to be tested according to the requirements of Ch 14, 3.8 Structural core materials 3.8.1, with the following 
modifications: 


(i) |The core of the laminate test sandwich panel is to be prepared with a fibre content as recommended by the 
manufacturer. 
(ii) | The felt fibre/resin ratio is to be stated. 
(iii) |The required test thicknesses of the cores are to be changed from 30 mm and 15 mm to 12 mm and 6 mm respectively. 
(c) The prepared laminate of the base material is to be of minimum thickness 3,5 mm with a minimum of three layers. 
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(d) The specified tests on the laminate (see Ch 14, 2.10 Synthetic felt tyoe materials with or without microspheres 2.10.3) are to 
be conducted according to the requirements of Table 14.3.3 Tests on laminate specimens. 


3.9 Machinery chocking compounds 


3.9.1 Test samples of the cured chock resin are to be prepared under ambient conditions and then post-cured at the 
exotherm temperature as determined in Ch 14, 2.11 Machinery chocking compounds (resin chocks) 2.11.3. 


3.9.2 The specified properties are to be determined as required by Table 14.3.5 Tests for machinery chocking components. 


Table 14.3.5 Tests for machinery chocking components 


Test Standard 


Izod Impact Resistance ISO 180 Unnotched 


Barcol hardness ASTM D2583 or BS EN 59 


Compressive strength ISO 604 


Test speed = 1 mm/min 


Water absorption ISO 62 Method 1 
25 mm x 20 mm cylinder 


(to constant weight) 


Oil absorption (light machine) ISO 175 


25 mm x 20 mm cylinder 


(to constant weight) 


Temperature of deflection under load ISO 75-2 Method A 


3.9.3 The percentage linear shrinkage of cured material is to be measured. 
3.9.4 Creep is to be measured according to the following method: 


(a) A25mmx 20 mm diameter parallel faced cylinder is to be pre-loaded against a steel base at 2,5 N/mm? or 3,5 N/mmé2, or at 
the specified higher loading condition, at ambient temperature for 16 hours. 

(bo) The temperature is to be increased at the rate of 8°C per hour until the service temperature (60°C or 80°C) is reached. 

(c) During this time, the creep of the cylinder is to be measured at 15 minute intervals. 

(d) The temperature and loading are to be maintained for a minimum of 1000 hours (or until stabilised), measuring the creep at 
intervals of 24 hours. 

(e) Aplot of creep in mm (linear scale) against time (log scale), together with full experimental details, is to be provided for review 
by LR. 


3.9.5 Where a manufacturer requests a chocking resin to be reapproved and provided that there has been no change in 
formulation, the following properties are to be determined on samples of chocking resin that have been subject to the cure/post- 
cure conditions of the initial certification : 


(a) Creep to be measured at specified loading as per initial approval over a period of 200 hours as per Ch 714, 3.9 Machinery 
chocking compounds 3.9.4. 

(b) Peak exotherm temperature on cured/post-cured chocking resin. 

(c) Barcol hardness. 

(d) Temperature of deflection under load. 


3.10 Rudder and pintle bearings 


3.10.1. All mechanical properties as required by Ch 14, 2.12 Rudder and pintle bearings are to be measured according to 
suitable National or International Standards. 
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3.10.2 Frictional properties are to be determined according to a method agreed with LR. 
3.11 Sterntube bearings 
3.11.1. The requirements for sterntube bearings are as defined in Ch 14, 2.13 Sterntube bearings. 
a Section 4 
Plastic pipes and fittings 
4.1 Scope 
4.14.1 This Section gives the general requirements for plastic pipes and fittings, with or without reinforcement, intended for use 


in the services listed in the relevant Rules dealing with design and construction. Hoses and mechanical couplings are not covered 
by these requirements. 


4.1.2 Pipes and fittings intended for application in Class |, Class II and Class IIl systems for which there are Rule requirements, 
are to be manufactured in accordance with the requirements of Ch 14, 1 General requirements and this Section. 


4.1.3 As an alternative to Ch 14, 4.1 Scope 4.1.2, plastic pipes and fittings which comply with National or proprietary 
specifications may be accepted, provided that the specifications give reasonable equivalence to the requirements of this Section 
or, alternatively, are approved for a specific application. The survey and certification are however to be carried out in accordance 
with the requirements of this Section. 


4.2 Design requirements 
4.2.4 The requirements for design approval are detailed in the relevant Rules. 


4.2.2 The design submission is to include a materials list with confirmation that the materials listed have properties and 
characteristics conforming with those values used in the design submission. As a minimum, the details given should include the 
following: 


a) Resin. 
b) Accelerator (type and concentration). 
) Catalyst or curing agent (type and concentration). 
d) Reinforcement. 
.  Cure/post-cure conditions. 
f)  Resin/reinforcement ratio. 
g) Wind angle (or lay-up sequence) and orientation. 
h) Dimensions and tolerances. 
This submission is to include similar details for the fittings together with a description of the method of attachment of the fittings to 
the pipes. 
4.2.3 Any alteration of the component materials or manufacturing operations from those used in the design submission will 
necessitate a completely new submission. 


4.2.4 If the piping manufacturer anticipates the possible use of alternative materials, these should be listed in the design 
submission. Proof that the modified product will meet the specified requirements will be needed prior to its use. 


4.3 Manufacture 


4.3.1 Plastic pipes and fittings intended for use in Class |, Class Il and Class Ill systems are to be manufactured at facilities 
approved by LR, using materials approved by LR. 


4.3.2 A Manufacturing Specification is to be submitted. This is to contain details of the following: 


(a) All constituent materials. 

(b) Manufacturing procedures such as lay-up sequence or wind angle, the ratios of curing agent to resin and reinforcement to 
resin, the laminate thickness, the mandrel dwell time (initial cure) and the cure and post-cure conditions. 

(c) Quality control procedures including details and frequency of tests on the incoming materials, tests made during production 
and on the finished piping. 

(d) Acceptance standards and tolerances, including all dimensions. 
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(e) Procedures for cosmetic repair. 
(f) | System for traceability of the finished piping to the batches of raw materials. 
(g) Method of bonding pipes and fittings. 


4.3.3 Details of all raw materials are to be submitted for approval and are to be in accordance with the Manufacturing 
Specification and the design submission. 


4.3.4 All batches of raw materials are to be provided with unique identifications by their manufacturers. 
4.3.5 No batch of material is to be used later than its date of expiry. 
4.3.6 The piping manufacturer is to ensure that all batches of materials are used sequentially. 


4.3.7 The piping manufacturer is to maintain records of the amounts of resin and reinforcement used, in order to ensure that 
the proportions remain within the limits set in the Manufacturing Specification. 


4.3.8 Records are to be kept of the wind angle and/or the orientation of the reinforcement. 


4.3.9 The piping manufacturer is to ensure that each item of piping is traceable to the batch or batches of material used in its 
manufacture. The unique identifications referred to in Ch 14, 4.3 Manufacture 4.3.4 are to be included on all documents. 


4.3.10 | The curing oven is to be suitable for the intended purpose and all pyrometric equipment is to be calibrated at least 
annually and adequate records maintained. 


4.3.11. The temperature of the pipe or fitting is to be controlled and recorded by the attachment of suitably placed 
thermocouples. 

4.4 Quality assurance 

4.4.1 The piping manufacturer is to have a quality assurance system approved to ISO 9001 or equivalent. This system should 
ensure that the pipes and fittings are produced with uniform and consistent mechanical and physical properties in accordance with 
acceptable standards. 

4.5 Dimensional tolerances 


4.5.1 Dimensions and tolerances are to conform to the Manufacturing Specification. 


4.5.2 The wall thicknesses of the pipes are to be measured at intervals around the circumference and along the length in 
accordance with an appropriate National Standard. The thicknesses are to accord with the Manufacturing Specification. 


4.5.3 The responsibility for maintaining the required tolerances and making the necessary measurements rests with the 
manufacturer. Occasional checking by the Surveyor does not absolve the manufacturer from this responsibility. 

4.6 Composition 

4.6.1 The composition of the pipes and fittings is to be in accordance with the Manufacturing Specification. 


4.6.2 Where alternative materials are used (see Ch 14, 4.2 Design requirements 4.2.4), the manufacturer is to demonstrate to 
the Surveyor's satisfaction, and prior to their introduction, their suitability with respect to the performance of the piping. Otherwise, 
full testing as specified in Ch 14, 4.7 Testing will be required. 


4.7 Testing 
4.7.1 For thermoplastic pipes, the polymer manufacturer is to make the following measurements on samples taken from each 
batch: 


a) Melting point. 

b) Melt flow index. 

) Density. 

d) Filler/pigment content, where applicable. 
. Tensile stress at yield and break. 

(f) Tensile strain at yield and break. 


4.7.2 The values obtained are to be certified by the polymer manufacturer. 


4.7.3 For reinforced thermoset pipes, the resin manufacturer is to determine, on samples taken from each batch, at least the 
following: 


(a) All resins: 
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(i) | Viscosity. 

(ii) Gel time. 

(iii) Filler content, where applicable. 
(b) Polyester resins: 


(i) — Type (orthophthalic, isophthalic, etc.). 
(ii) | Volatiles content. 
(iii) Acid value. 

(c) Epoxide resins: 


(i) | Free epoxide content. 
(d) Phenolic resins: 


(i) | Free phenol content. 
(ii) | Free formaldehyde content. 


4.7.4 The values obtained are to comply with the requirements of the Manufacturing Specification. 


4.7.5 Where the resin manufacturer mixes batches, both the original batches and the mixed batch are to be tested in 
accordance with Ch 14, 4.7 Testing 4.7.1 to Ch 14, 4.7 Testing 4.7.3 as appropriate. The mixed batch is then to be given a unique 
batch number. 


4.7.6 The polymer or resin manufacturer is to demonstrate that each batch of polymer or resin satisfies the requirement for 
temperature of deflection under load and this is not to be less than 80°C. 


4.7.7 These measurements should be repeated on each batch by the piping manufacturer. Where this is not done, LR may 
require that the tests be made on a random basis by an independent laboratory. 


4.7.8 The piping manufacturer is to confirm, by means of tests on at least one batch in twenty, that the temperature of 
deflection under load exceeds the specified minimum under manufacturing conditions. 


4.7.9 Where reinforcements are used, at least the following are to be recorded, where applicable: 


a) Tex of yarn(s) or roving(s). 
b) Ends per 100 mm in all reinforcement orientations. 
c) Weight per square metre. 
d) Binder/size content. 
) Stitch type and count. 
f) Type of fibre used. 
g) Surface treatment and/or finish. 


4.7.10 Allitems in Ch 14, 4.7 Testing 4.7.9 are to comply with the Manufacturing Specification. 


4.7.11. The piping manufacturer is to maintain accurate records of resin and glass usage and is to calculate the resin/glass ratio 
on an ongoing basis. 


4.7.12 | During manufacture of the piping, apart from the requirements of Ch 14, 4.7 Testing 4.7.5, Ch 14, 4.7 Testing 4.7.6 and 
Ch 14, 4.7 Testing 4.7.8, tests are to be carried out on the constituents and final product in accordance with Table 14.4.1 Testing 
during manufacture of pipes. 


Table 14.4.1 Testing during manufacture of pipes 


Component/ 


. Characteristic Rate of testing 
operation 


Resin/curing Gel time Two per shift 


agent/catalyst Rate of consumption Continuous 


Quality Continuous 


Reinforcement Wind angle Continuous 


Rate of consumption Continuous 
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Resin/ 


: Ratio Continuous 
reinforcement 


Post-cure: 
temperature of the pipe in oven Continuous 

Cure level At least eight per length 
Dimensions Each length 
Hydraulic pressure test Each length 


Each length 


Electrical resistance 
(see Note) 


Hydraulic bursting test At Surveyor's discretion 


Axial strength At Surveyor's discretion 


Note Measurements of electrical resistance are only required on piping where the operating conditions 
given in Pt 5, Ch 12, 5.2 Design and performance criteria 5.2.4 of the Rules and Regulations for the 
Classification of Ships apply. 


4.7.13 The standards of acceptance are those listed in the Manufacturing Specification approved by LR. 


4.7.14 At the Surveyor's discretion, sections of pipe are to be subjected to hydraulic bursting tests and/or measurements of 
axial strength. 


4.7.15 _ If the batch of resin or polymer, or the curing agent, or their ratio is changed during manufacture of a batch of pipes, at 
least two additional measurements of the gel time are to be carried out during each shift. 


4.8 Visual examination 
4.8.1 All pipes and fittings are to be visually examined and are to be free from surface defects and blemishes. 


4.8.2 The pipes are to be reasonably straight and the cut ends are to be square to the axis of the pipe. 


4.9 Hydraulic test 

4.9.1 Each length of pipe is to be tested at a hydrostatic pressure not less than 1,5 times the rated pressure of the pipe. 

4.9.2 The test pressure is to be maintained for sufficient time to permit proof and inspection. Unless otherwise agreed, the 
manufacturer's certificate of satisfactory hydraulic test, endorsed by the Surveyor, will be accepted. 

4.10 Repair procedure 


4.10.1 Repairs are not allowed, with the exception of minor cosmetic blemishes as detailed in Ch 14, 1.10 Rectification of 
defective material 1.10.1. 


4.10.2 A repair procedure for these minor blemishes is to be included in the Manufacturing Specification. 


4.11 Identification 


4.11.1. All piping is to be identified in such a manner that traceability to all the component materials used in its manufacture is 
ensured. The Surveyor is to be given full facilities for so tracing the material when required. 


4.11.2 Pipes and fittings are to be permanently marked by the manufacturer by moulding, hot stamping or by any other 
suitable method, such as printing, in accordance with Ch 14, 1.17 Identification of products and base materials. The markings are 
to include: 


a) Identification number, see Ch 14, 4.11 Identification 4.11.1. 

b) LRor Lloyd's Register, and the abbreviated name of LR's local office. 
. Manufacturer's name or trademark. 

d) Pressure rating. 
) Design standard. 

f) | Material system with which the piping is made. 

g) Maximum service temperature. 
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4.12 Certification 


4.12.1 The manufacturer is to provide the Surveyor with copies of the test certificates or shipping statements for all material 
which has been accepted. 


4.12.2 Each test certificate is to contain the following particulars: 


a) Purchaser's name and order number. 

b) If Known, the contract number for which the piping is intended. 
) Address to which piping is despatched. 

d) Type and specification of material. 

. Description and dimensions. 

f) Identification number, see Ch 14, 4.11 Identification 4.11.1. 

(g) Test results. 


a Section 5 
Control of material quality for composite construction 


5.1 Scope 
5.1.4 This Section gives the general requirements for control of material quality when used in the construction of composite 
craft. 


Sele? For composite craft built under the Rules, the survey of materials is to be conducted in accordance with the 
requirements of Ch 14, 7 General requirements to Ch 14, 3 Testing procedures and this Section. 


5.2 Design submission 


5.2.1 The requirements for design submission are detailed in the appropriate Part of the Rules which includes full information 
on composite materials. 


5.3 Construction 
5.3.1 All constructions are to be carried out using materials approved or accepted by LR. 
5.3.2 All materials are to be in accordance with the approved construction documentation. 


5.3.3 All batches of materials are to be provided with unique identifications by their manufacturers. Components are to be 
similarly identified. 


5.3.4 No batch of material is to be used later than its date of expiry. 


5.3.5 The Builder is to ensure that all batches of materials are used systematically and sequentially. 


5.3.6 The Builder is to maintain, on a continuous basis, records of the amounts of resin and reinforcement used, in order to 
ensure that the proportions remain within the limits set in the construction documentation. 


5.3.7 Records are to be kept of the sequence and orientation of the reinforcements. 


5.3.8 The Builder is to ensure that each section of the construction is traceable to the batch or batches of material used. The 
unique identifications required under Ch 14, 1.11 Identification of products and base materials 1.11.1 are to be included on all 
relevant quality control documentation. 


5.3.9 Any curing system used is to be demonstrated as suitable for the intended purpose and all pyrometric equipment is to 
be calibrated at least annually and adequate records maintained. 


5.3.10 The post-curing temperature is to be controlled and recorded by the attachment of suitably placed thermocouples. 
5.4 Quality assurance 

5.4.1 Where the Builder has a quality assurance system, this is to include the requirements of this Section. 

5.5 Dimensional tolerances 

5:50:41 Dimensions and tolerances are to conform to the approved construction documentation. 
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5.5.2 The thicknesses of the laminates are, in general, to be measured at not less than ten points, evenly distributed across 
the surface. In the case of large sections, at least ten evenly distributed measurements are to be taken in bands across the width 
at maximum spacing of two metres along the length. 


5.5.3 The responsibility for maintaining the required tolerances and making the necessary measurements rests with the 
Builder. Monitoring and random checking by the Surveyor does not absolve the Builder from this responsibility. 


5.5.4 Where ultrasonic thickness gauges are used, these are to be calibrated against an identical laminate (of measured 
thickness) to that on which the thickness measurement is to be carried out. If suitable pieces are not available from the 
construction, then a small sample of identical lay-up is to be prepared. 


5.6 Material composition 
5.6.1 The materials, prefabricated sections or components used are to be in accordance with the approved construction 
documentation. 


5.6.2 Where alternative materials are used, these are to be of approved or accepted types and the manufacturer is to 
demonstrate to the Surveyor's satisfaction, prior to their introduction, their suitability with respect to performance, otherwise full 
testing as appropriate will be required. 


5.7 Material testing 


‘sey ea Where so required, the material manufacturer is to provide the purchaser with certificates of conformity for each batch of 
material supplied, indicating the relevant values specified in Ch 14, 5.7 Material testing 5.7.4 to Ch 14, 5.7 Material testing 5.7.8. 
These values are to comply with those specified by the approved construction documentation. 


5.7.2 Where the Builders do not conduct verification testing of the information indicated in Ch 14, 5.7 Material testing 5.7.4 to 
Ch 14, 5.7 Material testing 5.7.8, they are to ensure that copies of all certificates of conformity (which must indicate the actual 
tested values) are obtained for all batches of materials received, and maintain accurate records. The Surveyor may at any time 
select a sample of a material for testing by an independent, where applicable, source and should such tests result in the material 
failing to meet the specification, then that batch will be rejected. 


5.7.3 The following tests are to be carried out, where applicable, on receipt of any material: 


(a) The consignment is to be divided into its respective batches and each batch is to be labelled accordingly. 

(b) Each batch is to be visually examined for conformity with the batch number, visual quality and date of expiry. 

(c) Each batch is to be separately labelled and stored separately. 

(d) Each unit, within the batch, is to be labelled with the batch number. 

(e) Records are to be maintained of the above and these are to be cross-referenced with the certificate of conformity for the 


material and/or the Builder's own test results. 


5.7.4 For thermosetting resins, reinforced or otherwise, the resin manufacturer is to have determined, on samples taken from 
each batch, at least the following: 


(a) All resins: 
(i) | Viscosity. 
(ii) | Gel time. 
(iii) Filler content, where applicable. 
(b) Polyester and vinylester resins: 
(i) — Type (orthophthalic, isophthalic, etc.). 
(ii) Volatiles content. 
(iii) Acid value. 
(c) Epoxide resins: 
(i) | Free epoxide content. 
(d) Phenolic resins: 


(i) | Free phenol content. 
(ii) | Free formaldehyde content. 


Difa5 For thermoplastics, the polymer manufacturer is to have made the following measurements on samples taken from each 
batch: 
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a) Melting point. 

b) Melt flow index. 

) Density. 

d) Filler/pigment content, where applicable. 
. Tensile stress at yield and break. 

(f) Tensile strain at yield and break. 


5.7.6 Where the resin or polymer manufacturer mixes batches, both the original batches and the mixed batch are to be tested 
in accordance with Ch 14, 5.7 Material testing 5.7.4 or Ch 14, 5.7 Material testing 5.7.5 as appropriate. The mixed batch is then 
to be given a unique batch number. 


Beh For reinforcements, the material manufacturer is to have recorded, where applicable, the following for each batch of 
material: 


a) Tex of yarn(s) or roving(s). 

b) Ends per 100 mm in all reinforcement orientations. 
) Weight per square metre. 

d) Binder/size content. 
) — Stitch type and count. 

f) — Type of fibre used. 

(g) Surface treatment and/or finish. 


5.7.8 For core materials, the following properties are to be recorded by the manufacturer for each batch: 


a) Type of material. 
b) Density. 
) Description (block, scrim mounted, grooved). 
d) Thickness and tolerance. 
. Sheet/block dimensions. 
(f) Surface treatment. 
Together with the following mechanical properties: 
In the case of rigid foams: 
(a) Compressive strength (stress at maximum load) and modulus of elasticity. 
(b) Core shear strength. 
In the case of end-grain balsa: 
(a) Tensile strength (stress at maximum load). 
(b) Compressive strength (stress at maximum load) and modulus of elasticity. 


5.7.9 During construction, tests are to be carried out on the constituents and final product in accordance with Table 14.5.1 
Tests during construction. 


5.7.10 The standards of acceptance for testing are those listed in the material manufacturer's specification, approved 
construction documentation or agreed quality control procedures as applicable. 


5.7.11 Laminate fibre content is to be determined at the request of the Surveyor, in particular where the thickness measured 
does not correlate with the specified fibre content, by weight. This will, in general, result in additional reinforcement being required. 


5.7.12 _ If the batch of resin or polymer, or the curing agent, or their ratio is changed, at least two additional measurements of 
the gel time are to be carried out during each shift. 


Table 14.5.1 Tests during construction 


Component/operation Characteristic Rate of testing 


Resin/curing agent/catalyst Gel time Two per shift 


Rate of consumption Continuous 


Reinforcement Quality Continuous 
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Orientation Continuous 


Rate of consumption Continuous 


Resin/reinforcement Ratio Continuous 


Construction Temperature during cure/post cure Continuous 


Dimensions Continuous against approved construction 
documentation 


Cure level (Barcol) against resin manufacturer's | At least one per square metre 
specification 


Laminate thickness Continuous against material usage and 
approved construction documentation (see 
also Ch 14, 5.5 Dimensional tolerances 5.5.2 


Laminate fibre content At the Surveyor's request (see Ch 14, 5.7 
Material testing 5.7.17) 


5.8 Visual examination 


5.8.1 All constructional mouldings and any components are to be visually examined and are to be free from surface defects 
and blemishes. 


5.9 Repair procedure 
5.9.1 Repairs of minor cosmetic blemishes are permitted providing that these are brought to the attention of the Surveyor. 
5.9.2 A repair procedure for these minor blemishes is to be included in the agreed quality control procedures. 


5.9.3 Structural repairs are subject to individual consideration and full written details must be approved by the plan approval 
office prior to introduction. 


5.10 Material identification 


5.10.1 Records of the construction are to be kept in such a manner that traceability of all the component materials used is 
ensured. The Surveyor is to be given full facilities for tracing the material's origin when required. 


5.10.2 Small representative samples of each batch of material are to be retained, these being suitably labelled to ensure 
tracebility. 


5.10.3. When so requested by the Surveyor, the Builder is to provide copies of all test data and/or manufacturers’ certificates of 
conformity appertaining to any material used. 


5.11 Minimum tested requirements for material approval 


5.11.1 This Section provides the minimum property values required of a material for approval or acceptance by LR and are 
applicable to materials cured under ambient conditions. 


5.11.2 Gel coat resins. When the cast resin is tested according to the requirements of Ch 14, 2.3 Thermosetting resins, Table 
14.5.2 Gel coat resins, minimum property values gives the minimum values for the respective properties. 


Table 14.5.2 Gel coat resins, minimum property values 


Properties Minimum value 


Tensile strength (stress at maximum load) N/mm? 
Tensile stress at break N/mm? 
Tensile strain at maximum load % 


Modulus of elasticity in tension measured 


Flexural strength (stress at maximum load) N/mm? 


Modulus of elasticity in flexure measured 
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Barcol hardness As measured at full cure 


Water absorption 70 mg (max) 


5.11.3 Laminating resins. When tested according to the requirements of Ch 14, 2.3 Thermosetting resins and Ch 14, 2.4 
Reinforcements, Table 14.5.3 Laminating resins, minimum property values and Table 14.5.4 Laminating resins, minimum values for 
properties for CSM laminate at 0,3 glass fraction by weight give the minimum properties for the cast resin and chopped strand 
mat laminate respectively. 


Table 14.5.3 Laminating resins, minimum property values 


Properties Minimum value 


[ensile strength (stress at maximum 40 N/mm? 
load) 


Tensile stress at break 40 N/mm2 


Tensile strain at maximum load 2,0% 
Modulus of elasticity in tension As measured 
Barcol hardness As measured at full cure 


Temperature of deflection under load 55°C 


Note These minimum value are for the recommended glass content 
by weight of 0,3. 


Table 14.5.4 Laminating resins, minimum values for properties for CSM laminate at 0,3 glass fraction by weight 


Properties Minimum value 


Tensile strength (stress at maximum load) | 90 N/mm? 


Secant modulus at 0,25% and 0,5% strain | 6,9 KN/mm2 
respectively 


Compressive strength (stress at maximum | 125 N/mm? 
load) 


Compressive modulus 6,4 kN/mm2 
Flexural strength (stress at maximum load) | 160 N/mm? 


Modulus of elasticity in flexure 5,7 kN/mm2 


Apparent interlaminar shear 18 N/mm? 


strength (see Note) 
Fibre content As measured (0,3) 


Water absorption 70 mg (max) 


Note Applicable only to the special test for environmental control 
resins. 


5.11.4 | When tested to the requirements of Ch 14, 2.4 Reinforcements for reinforcements, Table 14.5.5 Laminates, minimum 
property requirements gives the minimum properties for laminates. 
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Table 14.5.5 Laminates, minimum property requirements 


Material type 


Property 


Chopped strand mat 


us of elasti 


ile strength (stress at maxi 


city in tension 


mu 


kN/mm?2 


m load) (N/mm? 


200G ¢ + 30 


15Go+2,4 


Bi-directional reinforcement 


ile strength (stress at maxi 


mu 


m load) (N/mm? 


400G ¢ - 10 


s of elasticity in tension (kKN/mm? 30G ¢ -0,5 


Uni-directional reinforcement strength (stress at maximum load) (N/mm? 1800G ¢2- 1400G 56 + 510 


s of elasticity in tension (kN/mm? 30G ¢2-114G¢+39 


Chopped strand mat (stress at maximum load) (N/mm?) 502G ¢ 2 + 114,6 


s of elasticity in flexure (kKN/mm?) 33,4G 62 +2,7 


strength (stress at maximum load) (N/mm?) | 502G ¢ 2 + 106,8 


us of elasticity in flexure (kN/mm?) 33,4G 62+ 2,2 


Compressive strength (stress at maximum load) 
(N/mm?) 


150G ¢ + 72 


Compressive modulus (kN/mm2 40G ¢-6 


Interlaminar shear strength (N/mm?) 


22 - 13,5G ¢ (min 15) 
Water absorption (mg) 70 (maximum) 


Glass content (% by weight) As measured 


Note 1. After water immersion, the values shall be a minimum of 75% of the above. 


Note 2. Where materials have reinforcement in more than two directions, the requirement will be subject to individual consideration dependent on 
the construction. 


Note 3. Gc = glass fraction by weight. 


5.11.5 — Alternatively, materials may be approved by use of the actual tested values whereby the approval value shall equal the 
mean of the tested values minus twice the standard deviation of a minimum of five tested values. 
5.12 


5.12.1 Table 14.5.6 Minimum characteristics and mechanical properties of rigid expanded foams at 20°C gives minimum 
values for closed cell forms for core construction based on PVC or polyurethane. 


Closed cell foams for core construction based on PVC or polyurethane 


Table 14.5.6 Minimum characteristics and mechanical properties of rigid expanded foams at 20°C 
Material Apparent density Strength (stress at maximum load) (N/mm?) Modulus of elasticity (N/mm?) 
kg/ms ; 
Tensile Compressive Shear Compressive Shear 
Polyurethane 96 0,85 0,60 0,50 17,20 8,50 
Polyvinylchloride 60 
5.12.2 Other types of foam will be subjected to individual consideration. A minimum core shear strength of 0,5 N/mmé2 is to be 
achieved. 
5.13 End-grain balsa 
5.13.1 Table 14.5.7 Minimum characteristics and mechanical properties of end-grain balsa gives the minimum property 


requirement for end-grain balsa. 
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Table 14.5.7 Minimum characteristics and mechanical properties of end-grain balsa 


Apparent Strength (stress at maximum load) (N/mm?) Compressive modulus of Shear 
density C ; Tensi elasticity (N/mm?) modulus of 
ko/m3) compressive ensile aasticity 


Direction of stress Direction of stress (N/mm?) 


Parallel to Perpendicular Parallel to Perpendicular to Parallel to Perpendicular to 
grain to grain grain grain grain grain 


5,0 0,35 9,00 0,44 2300 35,2 
0,57 14,6 0,70 3900 67,8 


0,68 20,5 0,80 5300 89,6 


5.14 Synthetic chocking compounds 
5.14.1. After 1000 hours the chocking resin must be stabilised and maximum creep is to be less than or equal to 0,2 per cent. 


5.14.2 | Compliance with Ch 14, 5.14 Synthetic chocking compounds 5.14.7 is to be demonstrated at the time of chocking 
compound approval for a specified cure/post cure schedule. The Izod, barcol, compression, and water and oil absorption are 
additionally to be determined for the creep tested cure/post cure schedule. 


5.14.3 Confirmation of creep, barcol and compression will be required for cure/post cure conditions which differ from those 
shown on the product approval certificate. 


5.15 Other materials 


5.15.1. All other materials will be subject to special consideration. 
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4 Cathodic Protection (CP) 


a Section 17 
General Requirements 


1.1 Scope 


1.4.4 This Chapter specifies the requirements for the corrosion protection of ships and other marine structures. In general, 
suitable protective systems may include coatings, corrosion resistant materials, cathodic protection, corrosion allowances or other 
approved methods, either individually or in combination. Corrosion protection systems should be selected with consideration for 
the design life of the structure, and the in-service inspection and maintenance regimes. 


1.1.2 The materials and processes described in this Chapter are to be considered in accordance with the requirements of the 
relevant design and construction Rules, as well as the ShipRight Procedure Anti-Corrosion System Notation. Where applicable, the 
requirements of current statutory legislation must be satisfied. 


|_| Section 2 


Coatings 
2.1 General 
2.1.1 The following plans and information regarding corrosion protection by the use of coatings are to be agreed between the 


shipyard and owner prior to construction, and, where required by subsequent sections, submitted to Class for review: 


(a) Acopy of the Lloyd’s Register approval certificate for pre-fabrication primer (shop-primer). 
(b) Details of the coating system. This is to include the paint specification with regard to: 


(i) | The identity and generic type of the coating, and confirmation by the manufacturer of its suitability for the intended 
environment; 
(ii) | The methods used to prepare the surface before the coating is applied, and the standards to be achieved, with 
reference to shipyard standards, or National or International Standards; 
(iii) | The method of application of the coating in each area; and 
(iv) The number of coats to be applied, with the nominal total dry film thickness. 
(c) Details of the areas to be coated. 


2.1.2 Paints or other coatings are to be confirmed as being suitable for their intended purpose in the locations where they are 
to be used. In areas not covered by the Regulations identified in the following Sections, this shall be demonstrated by the 
submission of the paint manufacturer’s technical data sheet, together with appropriate in-service experience. 


2.1.3 Coatings used in cargo oil tanks, cargo tank deck areas, pump rooms, cofferdams or any other area where flammable 
vapours may accumulate shall be coated using suitable coating systems. If the selected coatings for these spaces contain 
aluminium, it shall be present at less than 10 per cent by weight in the dry film. 


2.1.4 Coatings utilised in areas such as accommodation or defined escape routes are required to comply with the appropriate 
Sections of the following SOLAS Regulations: 


(a) Areas defined as requiring low flame spread coatings shall be treated in accordance with SOLAS Il-2, Regulation 5. 


(b) Areas defined as requiring low smoke and toxicity emission coatings shall be treated in accordance with SOLAS Il-2, 
Regulation 6. 
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215 Coating manufacturers shall comply with the requirements of Ch 7, 2.7 Approval and survey requirements — General 
2.1.5 regarding control of the manufacturing process. 


2.1.6 The top coat of coating systems used in spaces subject to scheduled inspection should be light in colour to assist the 
Surveyor. 


2.2 Surface preparation 


2.2.1 Coatings are to be applied in accordance with the manufacturer's recommendations, to surfaces prepared in 
accordance with the agreed coating application specification. 


2.2.2 The surface treatment prior to coating application should be performed in accordance with the manufacturer’s 
recommendations, unless a mandatory minimum standard has been established for specified areas, such as in Sections Ch 15, 
2.4 Seawater ballast tank coatings and Ch 15, 2.5 Cargo oil tank coatings below. 


2.2.3 Dust and surface contamination, such as oil or salt deposits, is to be removed, as far as is practicable, from the surface 
prior to the application of any paint. The cleanliness of the surface should be measured using appropriate shipyard, National or 
International standard methods, with the following properties assessed: 


(a) Residual salt levels. 
(b) Oil contamination. 
(c) Dust or other particulates. 


2.2.4 Appropriate methods shall be used to remove, as far as practicable, surface contamination detected when assessing 
the surfaces. Selection of these methods shall consider the location of the surface to be cleaned, any applicable standards and 
any local environmental legislation. 


2.3 Pre-fabrication primers (Shop primers) 


2.3.1 Where a pre-fabrication primer is used to coat steel after surface preparation and prior to fabrication, the composition of 
the coating is to be such that it will have no significant deleterious effect on subsequent welding work, and it is to be compatible 
with the coatings subsequently applied over it. 


2.3.2 For Lloyd’s Register classed vessels and structures the pre-fabrication primer shall be of an approved type. A list of pre- 
fabrication primers currently approved by LR is available on Lloyd’s Register’s Class Direct website, accessible at http:// 
www.Ilrorg. 


2.3.3 The full approval procedure is detailed in MQPS Book P, Procedure 19-5. 


2.4 Seawater ballast tank coatings 


2.4.1 For ships that are required to comply with IMO Resolution MSC.215(82) - Performance Standard for Protective 
Coatings for Dedicated Seawater Ballast Tanks in all Types of Ships and Double-Side Skin Spaces of Bulk Carriers - (Adopted on 8 
December 2006), all dedicated seawater ballast tanks for all ship types and double-side skin spaces of bulk carriers are to have 
approved coating systems applied in accordance with the ShipRight Procedure Anti-Corrosion Systems Notation. 


2.4.2 The procedure for coating system type approval is detailed in MQPS Book P, Procedure 19-3. A list of PSPC-compliant 
seawater ballast tank coating systems currently type approved by LR is available on Lloyd’s Register’s Class Direct website. 


2.4.3 The compliance of the vessel with the PSPC requirements is demonstrated by the formal acceptance of the Coating 
Technical File (CTF) and the issue of the vessel’s SOLAS certificate. A copy of the accepted CTF shall be retained on the vessel. 
The appropriate Class notations will be assigned in accordance with the ShipRight Procedure Anti-Corrosion System Notation. 


2.4.4 The CTF shall record all of the mandatory information required by the PSPC, including the paint schedule, primary 
surface preparation, pre-fabrication priming, secondary surface preparation, assessment of the surface condition, coating 
application, repairs and evidence of the resolution of any non-compliances. This data is to be recorded by a designated, 
appropriately qualified coatings inspector assigned by the ship builder. 


2.4.5 Maintenance of PSPC-compliant coatings in accordance with the CTF is mandatory. 


2.4.6 For ships that are not required to comply with IMO Resolution MSC.215(82) - Performance Standard for Protective 
Coatings for Dedicated Seawater Ballast Tanks in all Types of Ships and Double-Side Skin Spaces of Bulk Carriers - (Adopted on 8 
December 2006), all seawater ballast spaces having boundaries formed by the hull envelope are to have a corrosion protection 
coating applied, see ShipRight Procedure Protective Coatings in Water Ballast Tanks (PCWBT). 


2.4.7 Where requested, a Descriptive Note PCWBT will be entered in column six of the Register Book to indicate that all 
seawater ballast spaces having boundaries formed by the hull envelope have a corrosion protection coating applied, and that the 
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coating remains efficient and is maintained in good condition. If the coatings have broken down, particularly at more critical areas, 
and no effort is being made to maintain the coatings, then this note will be placed in parentheses, i.e. (PCWBT). In either case, the 
date of the last survey will be placed in parentheses after the note. 


2.4.8 The following tanks shall not be considered to be dedicated seawater ballast tanks and shall therefore be exempted 
from the application and requirements of the Performance Standard for Protective Coatings for dedicated seawater ballast tanks in 
all types of ships and double-side skin spaces of bulk carriers (Resolution MSC.215(82) - Performance Standard for Protective 
Coatings for Dedicated Seawater Ballast Tanks in all Types of Ships and Double-Side Skin Spaces of Bulk Carriers - (Adopted on 8 
December 2006)), provided the coatings applied in the tanks described in Ch 15, 2.4 Seawater ballast tank coatings 2.4.8.(b) and 
Ch 15, 2.4 Seawater ballast tank coatings 2.4.8.(c) below are confirmed by the coating manufacturer to be resistant to the media 
stored in these tanks and provided such coatings are applied and maintained according to the coating manufacturer's procedures. 


(a) Ballast tank identified as ‘Spaces included in Net Tonnage’ in the 1969 ITC Certificate; 
(b) Seawater ballast tanks in passenger vessels also designated for the carriage of grey water or black water; 
(c) Seawater ballast tanks in livestock carriers also designated for the carriage of the livestock dung. 


2.5 Cargo oil tank coatings 


2.5.1 For ships that are required to comply with IMO Resolution MSC.288(87) -— Performance Standard for Protective 
Coatings for Cargo Oil Tanks of Crude Oil Tankers — (Adopted on 14 May 2010), all cargo oil tanks are to have type approved 
coating systems applied in accordance with ShipRight Procedure Anti-Corrosion System Notation. Owners may request to receive 
the optional notation ShipRight ACS(C). 


2.5.2 The procedure for coating system type approval is detailed in MQPS Book P, Procedure 19-4. A list of PSPC-COT 
compliant cargo oil tank coating systems currently type approved by LR is available on Lloyd’s Register’s Class Direct website. 


2.5.3 SectionsCh 15, 2.4 Seawater ballast tank coatings 2.4.4, Ch 15, 2.4 Seawater ballast tank coatings 2.4.5 and Ch 15, 
2.4 Seawater ballast tank coatings 2.4.6 above apply. 


2.5.4 Where the vessel’s Owner has not requested to receive the ShipRight ACS(C) notation, compliance with the PSPC- 
COT Regulation is demonstrated by the formal acceptance of the Coating Technical File and the issue of the vessel’s Oil Tanker 
Safety Certificate. 


2.6 Void space coatings 


2.6.1 Ships within the scope of IMO Resolution MSC.244(83) - Adoption of Performance Standard for Protective Coatings for 
Void Spaces on Bulk Carriers and Oil Tankers - (Adopted on 5 October 2007) may, if requested by the Owner, receive an optional 
notation in accordance with the ShipRight Procedure Anti-Corrosion System Notation. 


2.6.2 Void spaces on ships should, if possible, be coated in accordance with IMO Resolution MSC.244(83) - Adoption of 
Performance Standard for Protective Coatings for Void Spaces on Bulk Carriers and Oil Tankers - (Adopted on 5 October 2007), 
which is not mandatory. Where an alternative to these guidelines is used the coating system selected shall be suitable for the 
service environment, and applied in accordance with the manufacturer’s instructions. 


2.7 Bulk carrier cargo hold coatings 


2.7.1 The cargo hold spaces of bulk carriers shall be protected by a suitable corrosion protection coating. The coating system 
selected shall be suitable for the intended cargoes and applied in accordance with the manufacturer's instructions. 


2.7.2 All internal and external surfaces of hatch coamings and hatch covers, and all internal surfaces of the cargo holds, 
excluding the flat tank top areas and the hopper tank sloping plating more than approximately 300 mm below the side shell frame 
and brackets, shall be coated. 


2.8 Other internal tanks 


2.8.1 Other internal tanks not covered by the above shall include those listed in Ch 15, 2.4 Seawater ballast tank coatings 
2.4.8 and shall include those intended for the storage of, for example: black water; grey water; potable or made water, permanent 
ballast tanks, fuel tanks, etc. 


2.8.2 Internal tanks and other compartments may require corrosion protection where the intended contents may cause or 
promote corrosion. Acceptable protective measures may include suitable coatings, cathodic protection or corrosion inhibitors, 
either individually, or in combination. 


2.8.3 Selection of any coating system for such spaces shall be confirmed by the coating manufacturer to be resistant to the 
media stored in these tanks and shall be applied and maintained according to the coating manufacturer's procedures. 
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2.8.4 Some internal spaces are subject to Flag State or other local regulations regarding the coatings and other corrosion 
prevention systems that may be used. The selected coating system shall be fully compliant with all relevant legislation and be 
capable of protecting the tank from corrosion in applications where the use of sacrificial anodes is prohibited, such as in potable 
water tanks. 


2.9 Coatings for external hulls 


2.9.1 External hulls are to be protected from corrosion by the use of appropriate anti-corrosive measures, which may include 
the application of suitable coating systems to all external surfaces. 


2.9.2 Coatings used for corrosion prevention of exterior hulls should be confirmed as suitable for this application by the 
manufacturer, whose recommendations regarding surface preparation and coating application should be followed. Compatibility of 
the coating with other anti-corrosive measures should be confirmed by the coating manufacturer. 


2.9.3 High resistance paints (HRP) shall be used on the underwater hull of vessels applying for or in possession of the in- 
water survey notation *IWS. High resistance paints shall be of a hard, convertible type, such as an epoxy, polyurethane or 
equivalent, and shall be applied in accordance with the manufacturer’s recommendations. 


2.9.4 Vessels applying for the *IWS notation must submit the details of the coatings selected for review, including the 
manufacturer’s technical data sheets, the number of coats and the total dry film thicknesses applied. 


2.9.5 Coatings which have been certified by LR as being either PSPC-compliant seawater ballast tank coatings or recognised 
Corrosion Control Coatings (CCC) are automatically acceptable as high-resistance paints. Any such certification should be 
submitted when requesting the in-water survey Notation as above. 


2.9.6 The procedure of LR recognition for Corrosion Control Coatings is detailed in MQPS Book P, Procedure 19-7. A list of 
corrosion control coatings currently recognised by LR is available on Lloyd’s Register’s Class Direct website. 


2.10 Anti-fouling coatings 


2.10.1 Coatings used on the hulls of LR classed vessels shall be recognised by LR as complying with the IMO Convention on 
the Control of Harmful Anti-fouling Systems on Ships. 


2.10.2 | Compliance of a coating shall be demonstrated prior to use by the issue of a certificate of recognition, or alternatively by 
the sampling of the coating during or immediately after application. Coating samples shall be tested for their organotin content and 
confirmed as being compliant before the vessel is issued with its AFS convention certificate. 


2.10.3 The procedure for achieving LR recognition is detailed in MQPS Book P, Procedure 19-6. A list of anti-fouling coatings 
currently recognised by LR is available on Lloyd’s Register’s Class Direct website. 


2.11 Cargo tanks of product carriers or mixed-use tankers 


2.11.1. The cargo tanks of tankers engaged in the carriage of refined products or mixed product/crude oil usage should be 
protected from corrosion by the application of corrosion resistant alloys, or alternatively by the application of suitable coatings or 
other corrosion prevention systems. 


2.11.2. Any coating used in such environments should be of a type recommended by the manufacturer for that use, and 
applied according to their recommendations. Proof of compatibility of the coating with the intended cargoes shall be provided by 
the coating manufacturer. 


2.12 Coating maintenance and repairs 


2.12.1 The regular inspection, maintenance and, where necessary, repair of coatings are essential to preserve their anti- 
corrosive performance during the life of the vessel. 


2.12.2. Where deterioration in the quality of a coating is identified, it should be addressed immediately, and preferably restored 
to the original condition. 


2.13 Ice coatings 


2.13.1 Low friction abrasion resistant surface coatings for use on the ice belt of Ice Class or Polar Class vessels may be 
recognised for this application by LR. See MQPS Book P - Chapter 8 Procedure 19-8 - Procedure for Recognition of Abrasion 
Resistant Ice Coatings. Shell plate thickness reductions that may be applied (i.e. a reduction of the corrosion/abrasion additions, 
where effective protection is applied) are to comply with the following Rule requirements: 


(a) for ships with Polar Class (PC) notation, see Pt 8, Ch 2, 10.17 Corrosion/abrasion additions and steel renewal 10.17.4 
Corrosion/abrasion additions for shell plating of the Rules and Regulations for the Classification of Ships, July 2022. 
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(ob) for ships with Ice Class notation, see Pt 8, Ch 2, 7 Strengthening requirements for navigation in ice — Application of 

requirements of the Rules and Regulations for the Classification of Ships, July 2022. 

(c) for ships with Ice Class 1AS FS, 1A FS, 1B FS, 1C FS, and 1D notation, see Pt 8, Ch 2, 1 Strengthening requirements for 

navigation in ice — Application of requirements of the Rules and Regulations for the Classification of Ships, July 2022. 

(d) for ships with Ice Class 1E notation, see Pt 8, Ch 2, 4.3 Shell plating of the Rules and Regulations for the Classification of 

Ships, July 2022. 

(e) for naval ships with 1AS, 1A, 1B and 1C notation, see Vol 3, Pt 1, Ch 1, 2 Hull strengthening requirements of the Rules and 
Regulations for the Classification of Naval Ships, January 2022, incorporating Notice No. 1, 2,3 & 4. 


2.13.2 | A combination of laboratory tests and in-service inspections by LR Surveyors of vessels that have been operated in ice 
conditions for at least two winters is required for full recognition. 


2.13.3 Laboratory tests shall include assessments of the coating’s resistance to abrasion, impact resistance, strength of 
adhesion to the substrate and flexibility, in addition to conventional corrosion resistance tests. 


2.13.4 — Alist of ice coatings currently recognised by LR is available on Lloyd’s Register’s Class Direct website. 


a Section 3 
Corrosion Resistant Steels 


3.1 Performance standard and definition 


3.1.1 IMO Resolution MSC.289(87) — Performance Standard for Alternative Means of Corrosion Protection for Cargo Oil Tanks 
of Crude Oil Tankers — (Adopted on 14 May 2010) defines minimum standards for the means of corrosion protection by the use of 
approved corrosion resistant steel in cargo oil tanks during the construction of crude oil tankers. 


3.1.2 Corrosion resistant steel is steel whose corrosion resistance performance in the bottom or top of the internal cargo oil 
tank is tested and approved to satisfy the requirements in the IMO Performance Standard in addition to other relevant 
requirements for ship steel, structure strength and construction. 


3.2 Corrosion resistant steel approval 


3.2.1 The compliance of the corrosion resistant steel with the IMO Performance Standard shall be confirmed on the steel 
manufacturer's Approval certificate. The full approval procedure for corrosion resistant steel manufacturers and for the steel 
products involved is contained in MQPS Book C, Procedure 3-3. 


3.2.2 The compliance of the vessel with IMO Performance Standard is indicated by the acceptance of the Technical File (TF) 
by the Flag State or their Recognised Organisation (RO), the issue of the vessel’s SOLAS certificate and, if requested, the 
assignment of the appropriate notations by the Class Society. The TF must be kept on board and maintained throughout the life of 
the vessel. 


3.2.3 The TF shall record all of the data required by IMO Performance Standard, including a copy of the Works Approval 
Certificate, technical data (approved welding methods, welding consumables and repair procedures) and records of the 
application, including the applied actual space and area of each compartment and the applied product and its thickness. 

3.3 Certification 


3.3.1 For certification requirements, see Ch 3, 71.3 Corrosion resistant steels for cargo oil tanks of crude oil tankers 1.3.8. 


| Section 4 
Cathodic Protection (CP) 
4.1 General principles 


4.1.1 Where the design requires application of cathodic protection systems, either by impressed current or sacrificial means, 
this Section gives guidance on satisfying this requirement. 


4.1.2 The type of cathodic protection of the structure required is to be considered in terms of the following zones: 
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(a) Submerged zone. That part of the hull below the maximum design operating draught. 
(b) Splash zone. That part of the hull above the submerged zone and subject to wet and dry conditions. 
(c) Atmospheric zone. That part of the hull above the splash zone. 


Cathodic protection inside tanks is considered separately (see Section Ch 15, 4.8 Cathodic protection in tanks). 


4.1.3 The cathodic protection system for the submerged areas should be capable of polarising the steelwork to a sufficient 
level in order to minimise corrosion. This may be achieved using an impressed current system, sacrificial anodes or a combination 
of both. 


4.1.4 All parts of the submerged structure should be electrically continuous, and where considered necessary, appropriate 
bonding devices and straps should be fitted across such items as propeller shafts, thrusters, stabilisers and rudders, pipe work, 
etc. Where bonding straps are not fitted then a supplementary cathodic protection system should be considered. The influence of 
any connecting structures, such as docking structures, on the efficiency of the cathodic protection system should be evaluated. 


4.1.5 The cathodic protection system is to be capable of polarising the steel structure to potentials measured with respect to 
a silver/silver chloride/seawater (Ag/AgCl) reference electrode to within the range -0,80 to -1,20 volts for open seawater 
conditions. An average potential range from -0,90 to -0,95 volts vs. Ag/AgCl may be considered ideal. The electrode potential for 
steels which have surfaces operating above 25°C should be 1 mV (0,001 V) more negative for each degree above 25°C. 


4.1.6 Potentials more negative than -1,20 volts vs. Ag/AgCl must be avoided in order to minimise any damage to the coating 
system. 


4.1.7 In applications where high strength steels (tensile strengths in excess of 700 N/mm?) are used in the submerged zone, 
potentials should be limited to -0,95 volts vs. Ag/AgCl in order to reduce the possibility of hydrogen embrittlement. 


4.1.8 High strength fastening materials should be avoided due to the possible effects of hydrogen absorption. If the use of 
high strength fasteners is unavoidable, then the hardness of such bolting materials should be limited to a maximum of 300 HV. 


4.1.9 When selecting protection systems the following items are normally considered: 


a) Asurface area breakdown for all areas to be protected, including appendages. 

b) The assumed resistivity of the seawater. 

c) All current densities used for design purposes. 

d) The type and location of any reference electrodes and their methods of attachment. 
) Full details of any coatings used and the areas to which they are to be applied. 

f) Details of the shaft grounding. 

g) The electrical bonding. 


4.2 CP systems for the submerged zones of ships 


4.2.1 Where the design specifies cathodic protection, the typical requirements of the hull and hull appendages and openings 
are given in Table 15.4.1 Typical corrosion protection requirements for the hull steelwork. 


Table 15.4.1 Typical corrosion protection requirements for the hull steelwork 


Corrosion protection required and area 


Structural steelwork Method of protection 
required 


Submerged zone Main hull Coatings, or coatings in 


combination with cathodic 
protection 


Splash zone Main hull Coatings 


Atmospheric zone All structure above the Coatings only 
splash zone 


4.3 Impressed Current Cathodic Protection (ICCP) 


4.3.1 When designing an ICCP system, the following items are to be considered in addition to those identified in Ch 15, 4.1 
General principles 4.1.9: 
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a) The anode composition and, where applicable, the thickness of the plated surface together with consumption and life data. 

b) Anode resistance, limiting potential and current output. 

System maximum operating voltage. 

Details of the anode and reference electrode cofferdam construction, including the specification of the steel used and welding 

details, and the standards and specifications which are applicable. 

(e) Size, shape and composition of the dielectric shields. 

(f) | Diagram of the wiring system used for the impressed current and monitoring systems including details of cable sizes, junction 
boxes, joints (if any), type of insulation and normal working current in circuits, as well as the capacity, type and make of the 
protected devices. 

(g) Details of glands and size of steel conduits (if applicable). 

(h) The locations of the anodes and reference electrodes. 


(i) | The coating manufacturer should confirm that the hull coating is compatible with an impressed current cathodic protection 
system. 


4.3.2 All impressed current anodes and reference electrodes should be capable of being replaced easily by divers. 


4.3.3 Impressed current anode materials are to consist of lead/silver alloy or platinum over such substrates as titanium, 
niobium, tantalum or mixed metal oxide coated titanium. 


4.3.4 The design and installation of electrical equipment and cables are to be in accordance with the requirements of the 
relevant Rules. 


4.3.5 All equipment is to be suitable for its intended location 
4.3.6 The arrangements for glands, where cables pass through shell boundaries, are to include a small cofferdam. 
4.3.7 Cables which pass through ballast tanks are to be enclosed in a steel tube of at least 10 mm thickness. 


4.3.8 Cables to anodes are not to pass through tanks intended for the storage of low flash point products, including but not 
limited to, oils. 


4.3.9 Cables which pass through the cofferdams of storage tanks which may contain low flash point products are to be 
enclosed in a steel tube of at least 10 mm thickness. 


4.3.10 | Cable and insulating material shall be resistant to chlorides, hydrocarbons and any other chemicals with which they may 
come into contact. 


4.3.11 The electrical connection between the anode cable and the anode body is to be watertight, and mechanically and 
electrically sound. 


4.3.12 Where electrical power is derived from a rectified a.c. source, adequate protection is to be provided to trip the supply in 
the event of: 


(a) A fault between the input or high voltage windings of the transformer (i.e. main voltage) and the d.c. output of the associated 
rectifier; or 
(bo) The ripple on the rectified d.c. exceeding 5 per cent. 


4.3.13 Suitable dielectric shields are to be fitted in order to avoid negative potentials of -1,70 volts (vs. Ag/AgCl) and below. 


4.3.14 | Where protection is primarily by an impressed current cathodic protection system, sufficient sacrificial anodes are to be 
fitted that are capable of polarising the critical regions of the structure from the time of initial immersion until full commissioning of 
the impressed current system. 


4.4 ICCP systems for aluminium hulls 


4.4.1 The use of ICCP for the corrosion protection of aluminium has a significantly higher risk of failure than ICCP used for the 
protection of steel vessels. However, applications for its use in fast craft such as fast ferries, sailing yachts and water jet tunnels 
must be considered because traditional zinc sacrificial anode cathodic protection is unsuitable for aluminium structures. 


4.4.2 The accepted potential limits for the corrosion protection of aluminium hulls in clean, undiluted and aerated sea water 
using ICCP are as follows: 


(a) Positive limit: -0,90 V (vs. Ag/AgCl) 
(b) Negative limit: -1,15 V (vs. Ag/AgCl) 
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4.4.3 In addition to the information required for design as given in Ch 15, 4.1 General principles 4.1.9 and Ch 15, 4.3 
Impressed Current Cathodic Protection (ICCP) 4.3.1, the ICCP system as applied to aluminium hulls has the following additional 
considerations: 


(a) The corrosion protection potential range must be strictly controlled and alarmed with the overprotection limit setting not to be 
exceeded. 


(b) The ICCP is to operate within the following potential limits: 
Under-protection limit: -0,85 V (vs. Ag/AgCl) 


Overprotection limit: -1,15 V (vs. Ag/AgCl) 

(c) The monitoring and control reference electrodes are to be positioned to register the maximum and minimum limits on the hull. 
In practice this usually means that a reference electrode should be placed near the propellers and on the periphery of the 
anode dielectric shield. 

(d) The anode dielectric shield is to be fabricated from plastic unless an alternative coating system can be proven to maintain 
adhesion and dielectric properties for at least the duration of the dry dock maintenance period under the maximum operating 
anode voltage. 

(e) The power/control and monitoring unit shall have a dielectric shield breakdown detection system capable of detecting water 
ingress behind the shield and current leakage through the shield. The unit should be able to detect and shut down current 
output automatically as well as registering an alarm. Each dielectric shield shall have an in-built sensor to detect water 
leakage behind the shield and current leakage through the shield. 

(f) |The bare marine grade aluminium (Series 5000) has very low corrosion rates in open seawater and will require a current 
density of less than 1 mA/m? to fully protect it. Therefore the most suitable location of the anodes will differ from that of a steel 
hulled vessel. Any requirement for current density of coated aluminium can be ignored provided that the full current demand 
requirement for the metal underwater appendages has been taken into account. 

(g) The anodes shall be located near the appendages where the current demand is at its greatest. 


4.4.4 Special additional consideration needs to be undertaken to prevent bi-metallic corrosion at areas vulnerable to such 
attack, e.g. water-lubricated sterntubes and the underwater hull penetrations such as water cooling suctions (intakes), overboard 
discharges and exhaust discharges. Such considerations include: 


(a) For hull penetrations, the sea valves are to be electrically isolated from hull and pipework, and the penetration depth (depth 
from the hull) should be less than four times the internal diameter of the penetration. 


(b) For sterntubes, the wetted areas of the sterntube should be lined with a plastic tube or other sufficiently insulating material, 
and the shaft should have an effective passive shaft grounding system. 


4.5 Sacrificial anodes 


4.5.1 Sacrificial anodes intended for installation on Classed structures are to be manufactured in accordance with the 
requirements of this Section. 


4.5.2 For offshore structures, plans showing anode nominal dimensions, tolerances and installation details are to be submitted 
for approval prior to manufacture. 


4.5.3 For ships, anode design and details are to be agreed between the shipyard and owners. 


4.5.4 When calculating the number and location of sacrificial anodes, the following iterns are normally considered in addition 
to those identified in Ch 15, 4.1 General principles 4.1.9: 


a) The design life of the system in years. 
b) Anode type, material and minimum design capacity of anode material, in Ah/kg. 
) The dimensions of anodes, including details of the inserts and their locations. 
d) The nett and gross weight of the anodes, in kilograms. 
e) The means of attachment. 
f) The location of the anodes. 
g) Calculation of anodic resistance (in ohms) in the as-installed condition and when consumed to their design utilisation factor. 
h) Closed circuit potential of the anode material, in volts. 
Computer modelling or supporting calculations. 
The anode design utilisation factor. 
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4.5.5 The anode materials are to be approved alloys of zinc or aluminium with a closed circuit potential of at least -1,00 volt 
(vs. Ag/AgCl). Magnesium-based anodes may be used for short-term temporary protection of materials which are not susceptible 
to hydrogen embrittlement. 


4.5.6 The anode material is to be cast around a steel insert so designed as to retain the anode material even when it is 
consumed to its design utilisation factor. The steel inserts are to have sufficient strength to withstand all external forces that they 
may encounter such as wave, wind, and ice loadings in the vessel or structure’s normal operating conditions. 


4.5.7 The anodes are to be sufficiently rigid to avoid vibration in the anode support. The steel inserts are to be of weldable, 
fully killed structural steel bar, section or pipe with a carbon equivalent not greater than 0,45 per cent determined using the 
following formula: 


(a) Carbon equivalent Ceg = C + Mn/6 + (Cr + Mo + V)/5 + (Ni + Cu)/15 


4.6 Hybrid or combined impressed current and sacrificial anode cathodic protection system 


4.6.1 The definition of the hybrid system is that it is an impressed current cathodic protection system, supplemented by 
sacrificial anodes. 


4.6.2 If sacrificial anodes are installed on the submerged parts of a vessel or structure where impressed current is the primary 
cathodic protection system, then the cathodic protection should be treated as a single hybrid system and the Rules stated below 
are applied. The exception to this would be if the hull of a vessel is purposely electrically isolated from any of the appendages. In 
this case the hull and its appendages can be independently protected with either system, provided that sufficient measures are 
taken to prevent interference and stray current damage. 


4.6.3 The design of the hybrid system should be integrated, with the impressed current and sacrificial anodes positioned so 
that the sacrificial anodes do not interfere with the performance of the impressed current cathodic protection system. The 
distances of the sacrificial anodes from the ICCP reference electrodes should not be less than three metres. 


4.6.4 Where the hybrid system is installed on a vessel, the impressed current portion of the hybrid system should be designed 
in accordance with Section 4.3. The number, size and location of the sacrificial anodes should be sufficient to protect the aft 
section of the ship, without the impressed current, for a design life of one year. 


4.6.5 For applications where there is a risk of anode passivation or poor performance, only zinc sacrificial anodes should be 
used. 


4.7 Fixed potential monitoring systems 


4.7.1 Offshore structures with a sacrificial anode cathodic protection system should be monitored regularly to confirm the 
least negative potential from the system. 


4.7.2 For ships over 300 m, a permanent monitoring system is to be installed on the bow of the hull protected by an all-aft 
impressed current cathodic protection system. Consideration is to be given to the use of sacrificial anodes in way of known high 
potential zones. 


4.7.3 For offshore structures, details of the monitoring system should be submitted for review. 


4.8 Cathodic protection in tanks 


4.8.1 Impressed current cathodic protection systems are not to be fitted in any tank. 


4.8.2 Particular attention is to be given to the locations of anodes in tanks which can contain explosive or other inflammable 
vapour, both in relation to the structural arrangements and openings of the tanks. 


4.8.3 Aluminium and aluminium alloy anodes are permitted in tanks which may contain explosive or flammable vapour, or in 
tanks adjacent to tanks which may contain explosive or flammable vapour, but only at locations where the potential energy of the 
anode does not exceed 275 J. The weight of the anode is to be taken as the weight at the time of fitting, including any inserts and 
fitting devices. The height of the anode is, in general, to be measured from the bottom of the tank to the centre of the anode. 
Where the anode is located on a horizontal surface (such as bulkhead stringer) not less than 1 m wide, provided with an 
upstanding flange or face plate projecting not less than 75 mm above the horizontal surface, the height of the anode can be 
measured above that surface. 


4.8.4 Aluminium anodes are not to be located under tank hatches or other openings unless protected by adjacent structure. 


4.8.5 Magnesium or magnesium alloy anodes are not permitted in tanks which can contain explosive or flammable vapour, or 
in tanks adjacent to which can contain explosive or flammable vapour. Where permitted for other tanks, adequate venting must be 
provided. 
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Section 4 


4.8.6 Anodes fitted internally should preferably be attached to stiffeners, or aligned in way of stiffeners on plane bulkhead 
plating. Where they are welded to asymmetrical stiffeners, they are to be connected to the web with the welding at least 25 mm 
away from the edge of the web. 


4.8.7 In the case of stiffeners or girders with symmetrical face plates, the connection may be made to the web or to the 
centreline of the mild steel face plate but well clear of the free edges. Where higher tensile steel face plates are fitted, the anodes 
are to be attached to the webs. 


4.8.8 Anodes are not to be attached directly to the shell plating of main hulls, columns or primary bracings. 


4.8.9 For guidance on the design of sacrificial anode systems in tanks, see Ch 15, 4.5 Sacrificial anodes. 


4.9 Surveys of electrical potential 


4.9.1 Surveys of electrical potential in way of the submerged areas of the external hull or structure should be carried out at 
regular intervals. 


4.9.2 Should the results of any potential survey measured with respect to a Ag/AgCl reference cell indicate values more 
positive than -0,8 volts for aerobic conditions or -0,9 volts for anaerobic conditions then remedial action should be carried out at 
the earliest opportunity. 


4.10 Replacing and retrofitting of sacrificial anodes 


4.10.1 Replacement and retrofitting of sacrificial anodes would preferably be carried out during dry docking. Alternatively, these 
operations could be carried out whilst afloat, if suitable arrangements can be made. 


4.10.2 Where it is proposed to fit additional anodes, design approval is required in accordance with Ch 75, 4.5 Sacrificial 
anodes 4.5.2 or Ch 15, 4.5 Sacrificial anodes 4.5.3. 


4.10.3. Where it is necessary to weld anodes to the structure only approved welding procedures and consumables are to be 
used. 


4.10.4 The welding procedure is to be qualified under fully representative conditions in accordance with the requirements of Ch 
12 Welding Qualifications. 
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